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INTRODUCTION 

In  1910  tinhorn  (60,61,62)  rind  Gro33  (92),  working  in- 
dependently, published  the  first  prac  tic  able  methods  of  in- 
tubating the  duodenum.    Hammeter  (104)  ted  earlier  published 
a  description  of  a  tube  for  reaching  the  duodenum.    The  low- 
er end  was  moulded  into  the  general  shape  of  the  stomach  on 
the  thoory  that  such  a  farm  would  favor  the  passage  of  the 
tip  through  thB  pylorus  into  the  duodenum.    Ho  penned  the 
optimi3tic  prophesy  that  aftor  the  subject  had  swallowed  it 
a  few  times  ho  would  become  accuotcmed  to  it  30  that  he  would 
not  mind  it.    Albeit,  tho  tube  found  little  use,  evidently 
for  want  of  subjects  hardy  enough  to  get  the  requisite  prac- 
tice.   Kuhn  (123)  had  also  published  a  method  of  intubating 
the  duodenum  but  his  method  was  rigorous,  not  to  say  danger- 
ous, and  found  no  further  use.    The  method  of  Einhorn  and 
Gross  stimulated  research  on  the  characteristics  of  the  du- 
odenal contents  and  particularly  the  enzymic  properties. 
Einhorn,  himself,  subsequently  made  many  contributions  to 
tho  problem  (63-68).    Gross  and  his  co-workera  (93)  published 
one  uetailed  analytical  procedure  which  largely  neglected  the 
enzymes  and  stressed  3uch  non-essenti als  as  tests  for  albu- 
min and  bile.     It  met  with  little  favor  and  for  that  reason 
tho  importance  of  his  original  contribution  has  not,  per- 
haps, received  the  recognition  it  deserveu.    Prior  to  their 
work  efforts  had  been  made  to  study  the  enzymic  activity  of 
the  duodenal  contents  and  more  p?  rticul?  rly  of  the  pancreas. 
In  general  they  involved  either  stool  analysis  or  analysis 
of  duodenal  contents  obtained  indirectly  from  the  stomach 
as  a  result  of  regurgitation. 
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As  early  as  1890  Boas  (17,18)  had  securer  duodenal  con- 
tents by  draining  the  stomach  and  then  forcing  the  duodenal 
material  back  through  the  pylorus  into    the  stomach  by  ab- 
dominal manipulation,  whence  it  was  removed  by  his  gastric 
tube.    He  found  the  material  was  either  neutral  or  weakly 
alkaline  said  had  a  ten  enoy  to  turn  green  on  standing,  a 
change  which  we  now  know  was  due  to  the  spontaneous  oxida- 
tion of  the  bilirubin  in  the  bile  to  biliverdin  (102).  Bol- 
dyreff  (20)  had  introduced  a  method  of  securing  specimens 
from  the  duodenum  fey  placing  oil  in  the  stomach  and  thereby 
inducing  regurgitation.    However,  neither  of  these  methods 
permitted  a  satisfactory  study  of  the  .uodenal  contents  for 
obvious  reasons:    the  specimens  obtained  were  dilute*.,  with 
unknot/  amounts  of  pyloric  and  gastric  secretions;  the  wuo- 
denum  was  not  directly  stimulate);  the  degree  of  regurgita- 
tion wou4.d  vary  widely  from  subject  to  subject.    For  many 
years  an  effort  was  made  to  obtain  a  picture  of  pancreatic 
digestion  and  intestinal  digesti  n  In  general  from  the  enzy- 
mic  analysis  of  the  stools. 

After  the  introduction  of  the  Kinhorn-Gross  tube  per- 
mittee a  direct  analysis  of  the  uuodenal  contents  a  contro- 
versy arose  as  to  whether  that  method  or  the  method  of  3tool 
analysis  were  superior,     Gaul  tier  (81)  considered  the  stool 
MBtnod  distinctly  superior  because  it  gave  a  complete  Pic- 
ture of  digestion  rather  than  the  partial  one  obtained  by 
examination  of  the  duodenal  contents  alone,     I  should  empha- 
size that  in  this  consideration  of  stool  analysis  I  am  con- 
cerned only  with  enzymic  activity  and  with  no  other  aspects 
of  stool  examination.    As  late  as  1934  Voegtlin,  Greengard 
and  Ivy  (188)  state: 
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"However,  we  'believe  that  it  has  yet  to  be  established 
th^t  any  test  based  on  duodenal  drainage  is  of  more 
practical  value  than  stool  aaalysis.    This  statement 
is  made  to  encourage,  rather  than  to  discourage,  fur- 
ther investigation  in  this  field," 

In  general,  however,  the  preponderance  of  evidence  opposes 
that  view.    Deloch  (58),  Straus3  (178),  Lifschtltz  (129), 
Isaac -Krieger  (113),  Gubergritz  (94),  Gang  ond  Klein  (80), 
Chiray  (33),  and  others  all  found  the  enzynie  analysis  of 
stools  unsatisf actor y.    Gubergritz  (94)  felt  that  the  prote- 
olytic ferments  in  the  stool  stemmed  largely  from  the  leuco- 
cytes.   Gang  and  Klein  (80)  decided  ttet  onsymic  analysis 
of  stools  could  not  be  expected  to  give  any  significant  in- 
formation in  view  of  the  many  changes  to  which  the  ferments 
would  be  subjected  in  their  passage  though  the  intestinal 
tract,    They  also  showed  that  bacteria  produce  proteolytic 
and  lipolytic  ferments,    The  work  of  Lifschtltz  (129)  amply 
confinued  that  latter  point.     In  any  case  most  workers  have 
been  unable  to  demonstrate  lipase  in  the  3tool:    Carnot  and 
Mauban  (27),  Gubergritz  (95),  Strauss  (178),  Ghiray,  Jeandel, 
and  Salmon  (33),  and  others.     Carnot  find  Bondouy  (30)  could 
not  even  detect  lipase  at  the  entrance  to  the  caecum. 

From  the  instability  of  lipase  one  would  not  expect 
ever  to  find  it  in  the  feces,  save  as  it  was  produced  by  the 
bacteria  of  the  colon  or  was  liberated  from  an  abnormally 
large  number  of  leucocytes.    The  studies  of  Gyotoku  (100) 
and  Giiok  (33)  indicate  that  pancreatic  lipase  is  probably 
a  globulin  of  high  molecular  weight.    Thaysen  and  Norgaard 
(184)  and  V.'illstatter ,  V/aldschmidt-Leitz  and  Memrien  (200,  201) 
and  others  have  shown  it  is  very  susceptible  to  destruction 
by  acid.    We  could  not,  ther  fore,  expect  the  lipase  to  sur- 
vive the  proteases    f  the  intestinal  canal  or  the  acidity  of 
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the  lower  part  of  the  tract. 

Tho  foregoing  discussion  makes  it  dear  that  if  we 
would  determine  the  lipolytic  activity  of  the  duouenal  con- 
ton  ts  rife  all  we  must  do  it  on  material  obtained  directly 
therefrom  since  indirect  methods  te.ve  been  proven  useless. 
The  next  juoation  that  ariaes  is  whether  or  not  it  is  of 
value  to  analyse  for  lipase  at  all  and  in  any  case  we  may 
reasonably  wonder  if  thb  question  has  not  been  satisfactor- 
ily settled  in  the  ]»at  thirty  odd  years.    The  contention  of 
the  present  work  i&  that  the  analysis  is  of  value  and  that 
the  question  has  not  been  settleu.     I  think  that  riuch  of 
this  disagreement  is  due  to  the  La  ok  of  a  satisfactory  cli- 
nical amt hod  of  lipolytic  analysis  and  fee  the  lack  of  any 
common  denominator  for  comparing  the  results  obtained  by 
widely  divergent  methods.    The  present  work  i3  offeree  in 
the  hope  it  may  help  to  remedy  this  unfortunate  state  of 
affairs. 
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HUGOS  OP  LIPOLYTIC 
Requirements 

To  peimit  a  systematic  critical  examination  of  the  me- 
thods of  lipolytic  analysis  heretofore  employed,  I  would  es- 
tablish the  following  criteria  for  a  satisfactory  clinical 
method: 

(1)  provision  must  be  made  for  maintaining  the  optimal  pH 
thrown rout  the  course  of  the  reaction*  — 

(2)  tho  lipase  must  he  allowed  to  act  at  its  optimal,  temper- 
ature. 

(3)  inhibiting  agents  must  be  avoided  and  necessary  activa- 
tors or  co-enzymes  must  be  added, 

(4)  operative  variables  in  the  Bye  ton  must  be  held  to  a  mi- 
nimum and  03  a  corollary  of  this,  a  fixed  concentration  of 

a  suitable  and  evenly  emulsified  substrate  must  be  employed. 

(5)  an  accurate  nethod  of  measuring  the  final  extent  of  di- 
gestion must  be  available • 

(6)  in  the  interim  elapsing  between  obtaining  the  specimen 
and  the  actual  analysis,  the  enzyme  must  be  protected  from 
influences  known  to  aestroy  it, 

(7)  to  be  clinically  satisfactory  the  m  thod  must  be  simple, 
for  otherwise  it  will  not  be  used  as  Bondi  (22)  emphasized. 
It  must  c  lisune  as  little  tine  as  possible  and  must  demand 
apparatus  available  in  the  ordinary  laboratory. 

(8)  the  method  must  bo  designed  to  give  as  true  a  picture 
as  possible  of  what  might  be  expected  to  occur  in  vivo. 

The  validity  of  these  criteria  is  readily  established 
by  an  examination  of  the  literature.    Wm  cannot ,  however, 
consider  the  first  three  without  first  deciding  with  what 


lipase  we  are  dealing  in  any  lipolytic  analysis  of  the  duo- 
denal contents.    A  "brief  digression  is  necessary  to  esta- 
blish this  point*    The  duodenal  contents  will  odiously  re- 
present a  mixture  In  different  proportions  of  five  separate 
seoretions:    salivary,  gastric,  hepatic,  pancreatic  and  duo- 
denal. 

A  salivary  lipase  active  toward  tributyrin  has  been  re- 
ported by  several  investigators:    Scheer  (166),  Peluffo 
(154),  Katzenstein  (118),  Koebner  (121),  and  others;  but  it 
is  weak,  would  hardly  survive  the  acidity  of  the  normal  sto- 
mach and  in  any  case,  would    ordly  be  a  factor  in  the  anal- 
ysis since  the  fasting  gastric  specimens  were  always  removed 
at  the  beginning  of  the  experiment*    As  a  further  check  I 
employed  saliva  as  a  source  of  lipase  and  found  it  entirely 
inactive  toward  tributyrin  under  the  experimental  conditions 
of  my  method. 

5?he  existence  of  a  gastric  lipase  is  still  disputed* 
David  sohn  (50)  reported  the  existence  of  a  gastric  lipase 
and  established  its  optimal  pH  as  sli^itly  on  the  acid  side 
of  the  neutral  point,  namely,  2.0  X  10*"6.    V/illstfltter  and 
Bamann  (194)  and  ;7ilistatter  and  Memmen  (197)  working  with 
extracts  of  the  aried  gastric  mucosa,  confirmed  the  exis- 
tence of  a  gastric  lipase,  and  discovered  its  peculiar  proper*- 
ty  of  shifting  its  optimal  pH  to  the  alkaline  side  of  the 
neutral  point  as  it  was  progressively  purified  by  selective 
adsorption  and  elution.    Meulengracht  (143)  with  his  co-wor- 
kers noted  the  lipolytic  activity  of  dried  mucosal  prepa- 
rations from  different  sections  of  a  hog's  stomach  varied. 
He  felt  the  explanation  might  lie  in  the  variations  in  the 
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number  of  lymphocytes  or  the  extent  of  the  surface  epithe- 
lium in  the  regions  in  question,    Melli  and  Radici  (142), 
indeed,  consider  the  lipase  a  purely  cellular  one  which  is 
released  upon  disintegration  of  the  cells.    Experiments  with 
the  dried  mucosa,  therefore,  cannot  be  taken  as  conclusive 
evidence  of  the  existence  of  a  specific  gastric  lipase  se- 
creted by  the  mucosal  cells  to  participate  in  the  processes 
of  digestion  in  the  gastro-intestinal  tract,    Ando  (3), 
Herzfeld  (105),  and  others,  however,  have  actually  demon- 
strated a  lipase  in  the  gastric  secretions  themselves.  ith- 
out  attempting,  then,  to  settle  this  vexing  question  of  the 
existence  of  a  gastric  lipase,  we  may  safely  conclude  that 
if  a  gastric  lipase  does  exist,  it  is  extremely  weak  in  ac- 
tion in  comparison  with  the  lipase  of  the  pancreas,  and  could 
hardly  be  a  factor  in  these  experiments  in  view  of  the  pre- 
caution of  removing  the  fasting  gastric  contents* 

The  existence  of  ap  intestinal  lipase,  elaborated  by 
the  cells  of  the  intestinal  mucosa,  has  been  indisputably 
established*    Slupskii  and  his  co-workers  (172)  showed  de- 
finite lipolytic  activity  in  the  secretions  obtained  from  an 
isolated  intestinal  loop  of  man,    Owles  (152),  using  the 
Miller-Abbott  technique  of  studying  an  isolated  loop  of  in- 
testine in  man,  clearly  demonstrated  the  presence  of  a  li- 
pase in  the  intestinal  secretions,    Pierce,  Nasset  and  Mur- 
lin  (155),  using  dogs  with  isolated  intestinal  loops  detec- 
ted a  lipase  in  the  jejunum  and  found  its  action  was  weak, 
2hey  and  Lifsohfltz  (129)  give  reviews  of  the  earlier  contra- 
dictory work  on  that  problem.    Baxter  (10)  reported  that  the 
action  of  the  intestinal  lipase  was  weak.    These  reports  in- 
dicate that  the  intestinal  lipase  probably  present  in  speoi- 
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mens  of  duodenal  contents  does  not  exert  much  lipolytic  ef- 
fect in  comparison  with  that  of  pancreatic  lipase.  This 
conclusion  is  indirectly  supported  by  cases  later  to  he  ci- 
te,., in  which,  as  the  result  of  pancreatic  hut  not  intesti- 
nal disease,  the  lipolytic  activity  of  the  duodenal  contents 
was  either  absent  or  markedly  diminished. 

She  only  other  possible  source  of  a  lipase  in  the  duo- 
denal contents  would  be  the  bile.    LSgerlof  (124)  states 
that  tile  contains  no  enzymes.    On  the  other  tend,  P'rouden- 
berg  (74),  working  with  bile  obtained  from  the  gall  bladder 
of  a  sheep,  found  a  lipase  active  toward  tributyrin.  Albeit, 
we  cannot  safely  transfer  that  conclusion  to  man  and,  unfor- 
tunately, an  analogous  experioent  with  man  could  hardly  be 
carried  out  for  obvious  reasons.     Colp  and  Doubilet  (38a) 
found  amylase  in  the  bile  in  28.  5£  of  their  cases*  Shey 
accounted  for  its  presence  in  those  cases  on  the  basis  of 
pancreatic  reflux  which  would  appear  to  be  the  most  satis- 
factory explanation.    Shis  shecis  no  direct  light  on  lipase 
in  the  bile  but  it  does  evidence  the  possibility  of  pancre- 
atic reflux  in  surgical  cases,  a  possibility  strengthened 
by  the  finding  of  von  Palkenhausen  (73)  that  the  pancreatic 
secretions  are  produced  under  a  higher  pressure  than  the 
bile  and  the  observations  of  Colp  and  Doubilet,  themselves, 
that  post -operative  oedema  involves  the  ampulla  of  Vater  and 
the  biliary  and  pancreatic  ducts  and  so  tends  to  spasm  of 
the  sphincter  of  Odi.    We  thus  have  a  satisfactory  mechanism 
to  account  for  pancreatic  secretions  in  the  bile  draining  from 
cholecyste atomized  patients.    I  examined  three  such  biliary 
specimens,  freshly  obtained,  and  found  no  lipolytic  activity 
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in  two  and  extreme  activity  in  the  third.    In  combination 
with  the  evidence  already   jitod ,  I  think  that  permits  dis- 
regarding any  possible  lipolytic  activity  of  the  "bile*  It 
is  thus  apparent  that  in  determining  the  lipolytic  activity 
of  the  liuoctenal  contents,  we  are,  in  effect,  determining  the 
lipolytic  activity  of  the  pancreatic  secretions,  in  the  di- 
luted f  crm  in  which  they  occur  in  the  duodenum* 

I  now  return  to  a  consideration  of  the  criteria  of  a 
satisfactory  lipolytic  method  of  analysis.    The  optimal  pH 
for  pancreatic  lipase  has  been  found  to  cover  a  rather  "broad 
range.    Terr o in e  (181)  reported  it  as  slightly  alkaline. 
Rona  and  Pavlov ie  (164)  found  the  optimal  pH  with  tributyrin 
as  a  substrate  lay  between  6.95  and  3.0.    In  an  earlier  pa- 
per Rona  and  3ien  (163)  had  given  the  optimal  pH  range  as 
from  8.3  to  9*0  but  that  was  not  with  the  same  substrate 
and  the  nature  of  the  substrate  and  of  the  buffer  may  alter 
the  optimal  pH  somewhat  as  Dastur  and  Girl  (49)  and  others 
have  shown*    David sohn  (51)  gives  8.0  as  the  optimum  but  in 
his  work  with  infants  he  found  it  to  be  8.5  (50).  Myers 
and  his  co-workers  (148)  give  the  range  pa  from  7.0  to  8.4* 
Balls,  Hatlack  and  Tucker  (6)  found  the  optimal  range  to  be 
between  7.2  and  8*4.    It  is  thus  apparent  tteit  a  satisfac- 
tory lipolytic  method  must  be  designed  to  maintain  a  slight- 
ly alkaline  pH  throughout  the  period  of  digestion. 

Terr o in e  (181)  has  shown  the  optimal  temperature  to  be 
about  40°  0.    Balls,  Mat  lack  and  Tucker  (6)  have  shown, 
ho?: ever,  that  the  hydrolysis  of  the  lower  glyoe rides  is  not 
very  dependent  upon  temperature.    Balls  and  Tucker  (7)  have 
even  demonstrated  that  pancreatic  llpc.se  will  act  v;ith  mea- 
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eurable  Telocity  In  B  frozen  system.  It  would  not  "he  expec- 
te  ,  then,  that  3mall  temperature  changes  would  narkeily  af- 
fect the  extent  of  hydrolysis  in  a  given  t?_me. 

It  would  "be  useless  lie  re  to  consider  the  many  inhibi- 
tors which  have  been  found  for  pane  rest  5  c  lipase.     It  suf- 
fices to  consider  the  possible  inhibitory  effects  of  the  re- 
agents employed. in  my  method,    "he  emulsifying  agent  was 
shown  not  to  be  Inhibitory  and  the  sodium  bicarbonate  em- 
ployed to  maintain  the  pE  is  normally  produceC  by  the  pan- 
creas and  found  in  the  duodenal  contents  (140). 

The  problem  of  activators  Is  a  much  disputed  one.  2wo 
of  the  commoner  ones  employed,  calcium  chloride  and  albumin, 
nay  be  easily  dispose,  of.    '^illstPtter,  Waldschmidt-Leitz, 
and  Memmen  (200,  201)  employed  those  in  the  method  they  de- 
vised &r  lipolytic  analysis  in  keeping  with  their  principle 
of  •ausgleiohende  Aktivierung.'    Holme  (108)  and  Ito  (114) 
have  indicated  the  calcium  ions  effect  activation  by  preci- 
pitating the  water  soluble  fatty  acids  resulting  from  the 
hydrolysis  and  thereby  Bhifting  the  equilibrium.  In  accord- 
ance *.lth  the  mass  action  principle,  so  the  reaction  proceeds 
to  completion.     In  a  turbidimetric  method  an  activator  of 
that  type  would  not  be  permissible.    Furthermore,  in  my 
method,  the  reaction  will  go  to  completion  without  the  pre- 
sence of  any   ;uch  activator.    The  opalescence  contribute:] 
by  albumin  would  llloewise  be  unacceptable  in  a  turbidimetric 
method  •    Its  use  is  open  to  an  additional  objection:  Bolaffi 
(19)  has  shown  that  peptone  alone  exerts  a  lipolytic  action. 
That  finding  was  confirmed  by  Galwialo  and  Simina  (79). 
This  action  may  explain  the  discovery  of  Fslk  (72)  that  papain 
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in  the  presence  of  a  protein  exerts  a  lipolytic  action.  Since 
the  albumin  wouia  "be  added  to  a  s  lution  containing  active 
trypsin,  this  addition  would  not  he  desirable.    The  question 
of  the  activation  of  lipase  by  bile  is  a  vexing  one.  Sabot- 
ka  (168)  reviews  much  of  the  work  on  tbet  problem.    The  con- 
sensus appears  to  be  that  bile  activates  lipase  over  and  a- 
bove  the  capacity  of  bile  salts  to  act  as  buffers  and  to  fa- 
vor emuls if ic ati on .    This  view  is  held  by  Lehnartz  (125) t 
Schmidt  (167)*  Parfentjev,  Devrient  and  Sokoloff  (153), 
Hahn  (101),  Rein  (160),  Schmitz  (171),  and  others.  This 
judgment  could  be  confirmed  only  by  allowing  lipase  to  act 
in  a  well-buffered  system  on  a  thoroughly  emulsifiea  sub- 
strate.   MoClure,  Jetmore  and  Reynolds  (136)  in  their  method 
met  those  requirements  and  reported  that  additions  of  bile 
gave  no  augmentation  of  their  results.    Welnstein  and  Wynne 
(192),  wo  iking  under  similar  conditions,  confirmed  this  re- 
port that  biliary  additions  had  no  appreciable  effect  on  the 
digestion.    Baxter  (10)  reached  the  same  conclusion  even 
though  he  \ma  working  with  Mellanby's  (140,  141)  method  which 
onlls  fhr  no  buffer  and  uses  a  poorly  emulsified  olive  oil. 
The  method  did  retire  shaking  every  ten  minutes  during  the 
hour's  digestion  which  doubtless  maintained  a  better  state 
of  emulsification  than  many  of  the  other  methods  in  whioh 
manual  emulsification  is  employed.    The  reports  of  von  Forth 
and  Schfitz  (77),  Mellanby  (140,  141),  Chiray  and  his  co-wor- 
kers (35)  and  others  that  bile  augments  the  action  of  the  li- 
pase in  the  duodenal  contents  cannot  be  taken  at  their  face 
value  since  they  allowed  the  two  variables  already  mentioned 
(the  buffering  and  surface  tension  effects  of  bile  salts)  to 
be  operative  at  the  same  time  they  were  studying  a  third  var- 
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labia.    Qthar  :*orkors  with  the  duodenal  eontants  hava  con- 
sidered the  addition  of  "bile  unnecessary:    Lfigorlof  (124 J, 
Till i  utmii  and  3ie&el  (54),  Comfort  (37,38)  and  many  others.  A 
fow  would  add  "bile  in  cases  where  it  is  evident  the  biliary 
duots  are  oceluded:    Berger  and  Schnets  (15),  Lueders,  Berg- 
eim,  and  RehfUss  (132).    Even  so,  Myers,  Free  and  Beams  (148) 
and  Chiray  and  his  co-workers  (-30-35)  and  many  others  have 
reported  instances  of  perfectly  normal  lipolytic  activity  where 
there  was  no  "bile  in  the  specimen.    2£auban  (135)  in  a  study 
of  patients  with  jaundice  found  the  lipolytic  activity  tended 
to  he  above  normal  notwithstanding  tie  absence  or  diminution 
of  bile  in  the  duodenal  contents.     I  did  not,  therefore,  add aMhval 
bile  to  my  specimens  for  two  reasons:     (1)  the  results  of 
others  strongly  indicate,  but  hardly  prove  conclusively, 
that  it  is  not  necessary;  (2)  a3  already  noted  a  satisfac- 
tory clinical  method  of  lipolytic  analysis  should  try  to  give 
as  true  a  picture  as  possible  of  hay  things  night  occur  in 
vivo.    If  we  do  not  test  the  secretions  as  actually  obtained, 
we  can  hardly  achieve  that  result.    What  does  it  boot  the  pa- 
tient to  tell  him  his  duodenal  contents  produce  fine  lipo- 
lytic digestion  in  an  Erlenmeyer  flask:  after  we  have  added 
an  activator,  if  we  must  also  tell  him  his  own  digestive  ap- 
paratus may  not  appreciate  the  importance  of  producing  that 
activator?    As  Leuthardt  (127),  WcClure,  \  etmoro  and  Reynolds 
(136)  and  ot  ers  have  emphasized  we  have  no  way  of  determin- 
ing ensymic  concentration  tut  can  merely  deterrai7i3  ensymic 
effect.    Since  that  is  the  case  we  may  as  well  determine  the 
effect  under  conditions  as  similar  as  possible  to  those  ob- 
taining in  the  patient.    Aside  from  the  disputed  role  of  bile 
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a  co-enzyiie  for  pancreatic  U,paav,  no  evidence  for  a  eo- 
WOWjm  has  been  demonstrated  although  it  has  bean  Xpflght  by 
Mollann/  (141) ,  Pona  find  Bien  (163)  and  others. 

A  very  significant  question  that  arises  is  whether  or 
not  tributyrin  can  be  considered  a  suitable  substrata  for 
the  determination  of  lipolytic  activity.    I  mean  here  to 
draw  a  distinction  between  a  lipase  Y'hich  hydi^olysos  gly- 
ceric es  and  an  esterase  which  hydrolyses  simple  esters.  V/e 
can  only  ar±3wor  this  question  by  considering  the  results 
ahieh  tributyrin  1ms  given  in  comparison  with  other  sub- 
strates.   There  i3  certainly  definite  evidence  that  steapsin 
is  not  the  only  ester -split  ting  enzynjo  produced  by  the  pan- 
creas.   Kelsoy  (119)  has  reported  a  pancreatic  cholost erase 
which  can  be  readily  destroyed  by  dilute  uamonia  v.hile  leav- 
ing the  lipase  unaffected.    Falk  (71)  reported  an  esterase 
and  a  lipase  in  the  duodenal  contents  distinguishable  by 
their  respective  behaviour  toward  triacetin  ijid  ethyl  bu- 
tyrate.   They  also  noted  B  difference  in  the  behaviour  of 
the  two  enzymes  toward  inhibitors.    This  also  indicates  that 
even  simple  ^kfmVtlkmt  reflect  the  activity  of  the  lipase 
and  not  at  the  esterase.     In  general  they  obtained  in  any 
test  a  much  greater  liberation  of  acid  from  the  triacetin 
tlvsri  they  did  from  the  ethyl  butyra  e  (from  &S$  to 
£hey  conciideu  that  tlie  esterase  arid  lipase  oaoh  act  tcuvard 
both  substrates  but  show  a  preference  respectively  for  e- 
thyl  butyrate  and  triacetin.    'Jills tfltter  (19£.  198)  and 
his  co-workers  found  tht  t  pancreatic  lipt.se  would  split  well 
natural  fats  and  tributyrin  but  triacetin  and  monoestors 
such  as  ethyl  butyrate  were  little  attacked.    That  result 


confirmed  tte  earlier  work  of  Iforel  una  Terroine  (147), 
..'illstatter^*  liia  coworkers  (201)  expressed  the  view  that 
quo  and  the  some  enzyme  was  responsible  fee  splitting  ethyl 
batyrate,  olive  oil  c^na  triaeetin  since  tiey  found  that  after 
various  stops  in  their  prooedure  ibr  the  purification  of 
ataapsin  by  absorption  their  semi-purified  products  maintained 
the  sane  relative  splitting  power  toward  those  three  sub- 
strates*   That  evidence  is  not  strong,  however,  as  one  or 
more  enzymes  migat  have  Leon  destroyed  in  the  process  of  pu- 
rification or,  assuming  the  presence  of  more  than  one  enzyme, 
they  might  have  been  so  similar  aa  to  react  in  the  same  way 
toward  the  reagents  ^.ipioyed.    Bona  (l&E),  us in&-  pancreatic 
extracts,  found  they  would  hyuroiyzs  tributyrin  very  rapidly 
and  were,  in  fact,  tho  most  active  ox'.r^cts  toward  that  sub- 
strate,   "he  behaviour  toward  monobutyrin  was  essentially 
the  saiao  which  is  interesting  in  view  of  terroine * s  {181) 
finding  in  respect  to  mono-,  di-,  and  tri-aoetin  derivatives: 
the  triacstin  was  most  readily  split  and  the  nonoacetin 
least  readily.    'Jhat  finding,  however,  oould  not  bo  confirmed 
by  Balls,  I«Iatlaek  and  'tucker  (6).    Cherry  and  Grandall  (29) 
do  not  agree  with  Rona  ana  havt.  concluded  that  tributyrin 
is  not  a  suitable  substrate  for  measuring  lipolytic  activity 
because  it  is  chiefly  attacked  by  esterases.    2hey  were  not 
working  w  ith  human  duodenal  contents,  however,  but  with  canine 
blood  aerum  after  experimentally  induced  pancreatic  injury.  It 
is  not  yet  known  just  what  the  lipase  v.hich  appears  in  the 
blood  under  those  conditions  is.    In  the  light  of  our  present 
knowledge  of  the  lipolytic  activity  of    ;ancreatic  extracts, 
it  is  difficult  to  find  a  satisfactory  interpretation  of 
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their  results.    Myers,  Ite*t  and  Baaiis  (143)  fount*  that  human 
duodenal  contents  gave  aonp*  a  ihla  results  wits  triolein  or 
trihutyrin  as  the  substrate.    They ,  therefore,  concluded 
that  if  tho  tvo  effects  re^e  due  respectively  to  a  Xlp«Hj  and 
SB  oataraaa  the  t\x>  ons7mes  r<ere  b!  1  aast  present  La  parallel 
BiJMHWtiTnt  lull  i     V/olvekanp  and  "riffioon  (203)  found  that 
aftoT  heating,  tho  ^hility  of  their  pancreatic  extracts  to 
3plit  ethyl  acetato  m  nore  oanoletely  and  nore  :uickly 
toltlUfS  i  than  m  that  of  splitting  tllTilmUfJilli j  "Exposure 
to  acid  made  that  i'lCfwram  even  nore  narkod.    ^hay  conclud- 
ed from  their  ~<ork  that  there  -ire  tv/o  esterases,  at  least, 
in  the  ponereatic  -serration,    ne  active  touard  trihutyrin 
and  one  toward  ethyl  acetate.    They  also  suggested  that 
there  may  .loll  "be  More  th*an  tvio.     Sure,  Xik,  and  Buchanan 
'179)  used  olive  oil.  trihutyrin,  BQl  ethyl  hutyrata  as 
substrates  and  found  the  values  for  trihutyrin  ^nd  olive 
oil  ran  closely  parallel    ltiiou^i  tho  former  Wftt  generally 
a  hit  lower,  trihutyrin  values  -Jove  much  higher  than 

thoso  riith  ethyl  hut yr ate.    Bamann  end  ?eialitnar  (9)  reported 
t'xt  pancreatic  lipase  displayed  m  autoaatalyti a  effect 
toward  simple  esters.    They  found  no  ^uch  "behaviour  tov  ard 
trihutyrin  on  J  interpret  a  a  %lm%  as  due  to  the  presence  of 
at  1b cast  t\?o  ensymes.     T.  think  the  ahove  evidence  supports 
the  conclusion  thai  lipa s©  attacks  trihutyrin  readily  T?hile 
esterase  attacks  it  hut  little,  if  at  all.    ?ha  method  I 
used,  t3ion,  employ jji/j  trihutyrin    ns  a  substrate,  measures 
chiefly  the  ~ct5.on  of  the  steapsin  although  .soma  esterase 
activity  mpy  ho  involved. 

The  inpertonco  of  ade  -unto  oiaulslficution  of  the  suh- 


v.rato  in  any  lipolytic  aithod  has  "been  ahem  by  several  in- 
vestigators:   Rftftt  and  Damson  (15?),  Terroine  (181),  .anrep. 
Lush  an4  Palner  (4),  ^ogel  Ml  Laeverens  (139),  IJcClure, 
'.'straors         Tteynolds  (136),  and  otiura.    A  satisfactory  ft§« 
IMP  of  lipolytic  analysis  should,  th-ircfare.  eliminate  the 
decree  of  emulsifie  /tion  as  a  variable  ^hioh  can  affect  the 
final  r«?  au  It  a. 

The  concentration  of  the  substrate  is  important  aftl  the 
result. a  'Till  taflPJ  if  that  1$  not  kept  constant,  as  «M  NRti 
clear  If  MM  .x>rk  of  Bondi  (21),  Lou  the  rat  (127),  an'  Gaul- 
tier  (81). 

ffefl  Mtthod  of  determining  the  final  extent,  of  digestion 
MBSt  "be  accurate  and  must  "be  capable  of  giving  reason  Uile 
agreement  in  duplicate  detem  inn  t  ions  .    'J?he  importance  Of 

that  §a  o5ivi  ras. 

In  working  -;ith  lipase  5n  the  duodenal  contents  one  must 
take  ctire  to  protect  it  from  tb?  destructive  effects  of  e~'en 
Modern te  temperatures*     Its  relatively  rapid  inaetivation 
under  thooe  eon 35  tiona  is  prohauly  due  tc  tilt  presence  of 
active  trypsin  as  Hell -nhy  noted  (141),    Investigators  havo 
repeatedly  stressed  the  importance  -of  collecting;  the  speci- 
MMM  in  i(*e  and  analysing  them  immediately:    Berger  (12,14), 
3ondi  (22),  Chao-  fl*fl  Myors  (28),  Mfc  (71),  Crohn  (45), 
IleClurc,  "etrioro  and  Reynolds  (136),  Lueders  (131),  Bpen- 
Hf  (173,174),  Toogtlin,  Greenyard  and  Ivy  (188),  and  many 
others*    BstinationB  of  the  extent  of  inactivation  at  dif- 
ferent  ten  pe  rati  ires  v/ith  tine  lave  varied.    One  v.'auld  nrjjiifj 
thoy  rou"x  ,  if  trypuin  causes  the  inactivation,  for  its  con- 
centration varies  and  Serrolno  (101)  tefl  rtMR  that  the  pre- 
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aenee  of  bile  salts  accelerates  the  inaetivation  although 

loodua  operanai  in  tait  case  is  a  question.    Bondi  (El), 
using  a  t|i I >  1—  tff I i  method,  found  taut  seven  hours  at  room 
tempe Xcature  ^oald  markedly  diminish  oiie  lipolytic  activity. 
Oniray,  .vixloahotfxtch,  ana  Lebon  (5o)  reported  tnat  t  -enty- 
xour  hours  on  ice  k/oulu  not  alter  the  resuics.    ?alk  (71) 
confirmed  that,  for  he  found  but  a  alight  difference  after 
seveaal  days  on  ice.    Hollander  (109, 110 j  detecteu  a  dis- 
tinct loss  in  activity  after  eight  nours  on  ice.  tdeOiure, 
Wetmors  and  Reynolds  (1*36)  obtainea  the  same  results  with 
specimens  wnich  had  stood  at  rooia  temperature  for  twelve 
hours.    Spencer  (174)  reports  a  50>?  loss  in  activity  after 
ft!  hours  at  room  temperature,    lieilanby  ana   <ooxfey  tl4i) 
reported  a  loss  in  activity  of  about  10^  per  hour  at  <*0°  0. 
iurroine  (161)  reported  tnat  30  minutes  at  ifr  G.  would 
completely  destroy  activity  if  oile  salts  were  present,  as 
they  usually  are.    fhe  low  rates  of  inaetivation  reported 
by  some  of  fcne  above  autuors  is  due  probably  to  tneir  in- 
sensitive methods  of  analysis  union  would  detect  only  gross 
changes.     It  woula  ftppflf  that  toe  variables  operative  in 
aueu  a  he terogeneous  mixture  as  the  duodenal  contents  are 
too  many  to  permit  a  uuantitatxve  uetermiiui tion  of  the  d  e- 
^ree  of  inactive  tx  on  W% tn  time.     In  the  light  of  tne  results 
reported  uno  aufeat  proooaure  woula  be  to  collect  the  specx- 
ixuqs  on  iue  and  ^nalyaje  them  as  soon  aftex*  collection  as 
possible • 

i'he  clinical  signxficance  of  the  aeventh  criterion 
needs  no  explanations •    k  complex  metnoa  v.'hieu  is  time-con- 
suming ,uud  renuxres  special  ana  expensive  apparatus  will  not 
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be  usofi  clinically,  especially  when  tho  inform- 1 ion  It  ylelda 
5.£,  of  United  v^lue,  end  tho  value  of  an  ensynic  analysis 
of  the  fualenal  contents  is  definitely  2 in* ted  a3  will  pre- 
i?ontly  *:j;----cr.  It  la  OS  unattainable  to  realise  an 

in  vitro  rethod  of  onKynic  analysia  which  frill  faithfully 
j  *rrc>r  la  vivo  activity.     In  vivo  there  are  too  many  vr.ri~ 
ahle«:    alt  orations  in  pH,  variations  Is  tho  fatty  substrate 
anfl  the  M.iot,  in  t3^o  "erroe  of  WkV&B  i  float  ion ,  in  tno  r'ntes- 
tinal  Motility  etc.     In.  vitro  ,  \UM9fm T?e  can  maintain  all 
conditions  constant  save  one,  nanely ,  the  eonoent  ration  -f 
the  3peci;^-;n  I     bo  Gnalyzed.    ffeltt,  at  learnt,  pemit3  a  va- 
lid eoapaxieoo  of  t&a  strengths  of  different  spe cine ns  under 
jiven,  f 9     I  conditions.    Bart  f5vos  tlfl  a  ooaosan  5an  ■■-'nn- 
tor  for  conpai*im.;  onsynie  efforts  «a£  .It  ia  only  effects 
which  we  can  naeaajjte*    He  t  hod  3  whSeh  increase  the  varirhlea 
he  yon  J  the  one  n  en  tinned  will  rrerely  serve  to  "blur  a  none 
too  sharply  delineated  p  k.t  Jtre 
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Dismission  of  Methods  in  the  Literature 

With  definite  criteria  for  a  satisfactory  lipolytic  me- 
thod of  analysis  now  before  us  we  are  in  a  position  fee  apply 
them  in  evaluating  the  lipolytic  methods  which  have  already 
been  published*    1  do  not  propose  to  make  this  discussion 
exhaustive  but  shall,  in  general,  limit  it  to  the  leaning 
isethods  and  their  modifications*    T..illst&tter,  alusciiraidt- 
Leitz,  and  Juemi&en  1 200, 201)  give  a  review  of  methods  of  ana- 
lysis employed  before  they  initiated  their  classical  work 
v/it:   pancreatic  lipase.    2hBy  also  give  the  details  ox  their 
awn  method,  based  on  the  principle  oi  T ausgleichen.o  ^kti- 
vierung1  since  they  cctisidereu  none  of  the  previously  pub- 
lisher methods  satisfactory.    At  about  thB  aame  txme  they 
were  oonfirmeu  in  their  judgment  by  von  ifclkenhausen  (73), 
McClure ,  Wetmore  anci  Reynolds  (136),  and  Isaae-iCrieger  (113). 
In  view  of  their  oou&ineu  judgment  Mi  caay  safely  >>ay  little 
attention  to  the  earliest  methods  at  lipolytic  analysis. 

tinhorn's  first  method  usin^  milk  as  a  substrate  and  a 
piece  of  dyeu  agar  as  an  indicator  which  v*ould  turn  ctilor  in 
the  presence  of  the  fatty  acid  iiberateu  in  the  hyaxo  lysis, 
is  obviously  but  a  crude  qualitative  methoa  ,  and  was  intend- 
ed for  no  more  than  that,    i'his  first  method  (61)  was  later 
modified  in  that  olive  oil  was  employed  as  a  substrate  in 
place  of  milk  (6t>)  and  still  later  (6b)  the  oil  was  emulsi- 
fied in  agar  and  capillary  tubes  were  fills u  with  the  mater- 
ial, which  eontainea  a  dye  to  indicate  the  iiber**tion  of  fat- 
ty acid  by  e  color  change  in  the  agar  meuium.    xhe  activity 
of  the  lipase  v&is  expresses  in  the  millimeters  of  tuoo  length 
in  which  the  dye  had  ciimgeu  to  its  acid  color  after  Uie  ca- 
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pillory  had  "been  allowed  to  stsud  for  «  given  ti*ne  in  the 
noli  it  ion  to  "be  tested.    The  rathed  is  very  rou?h ,  lacking  as 
it  does  nny  provision  for  huf ferine;  ond  ?»ith  the  sdded  vari- 
eties of  osmotic  pressure  snd  diffusion  to  effect  CM  re- 
sults* 

The  methods  of  Bondi  end  BAwtMtt  (£3)  and  of  ?orvj  i  and 
Volk  (24)  vere  Improvements  *lthou£h  no  buffer  w re  employed 
raid  the  degree  of  e  mul?  if  i  cation  vol  extremely  ver5ehiet  It 
was  used  "by  Severn  1  suhse<  uent  investigators  *nd  produced  oom- 
parr/ble  results.    Bondi  rppreeirt*dt        tinhorn  h>d  not,  that 
the  specimen  should  be  gptriUMilil  from  the  destructive  effect 
of  too  lonr  exposure  to  roCM  temperature.     The  !Bondi  and  Volk 
rasthod  alnc  avoided  tv?c  sources  etif  ayrcr  j  ill  if!  1  Hi  to  titri- 
netri c  methods  sal  rhleh  have  not  n.Twyg  h«*en  a.  no  recited 
since  tfcnn.    Kr.nits  (116)  had  shorcn  that  the  sod?  urn  so  Its 
of  the  Mgh  poleoulor  ^eigrt  fattr  colds  UjftWUlym  in  water 
to  £ivo  WttiiiaP  strongly  nlfcnltne  solutions •  ^.^olnhthalein, 
ther  fore,  fould  chonro  color  hofore  «!1  the  fattv  acid  had 
heon  HliMt  ■'iilfll  ftl  L    The  addition  of  3uffioi«nt  alcohol  will 
suppress  thrt  hyr5  r~  lysi  o  so  that  the  titmtl  ^n  with  ohenol- 
phthalein  fi  iWl  more  'iceuroto.     As  ■  result  of  th*t  work  Bon- 
di  eriployo.i  alcohol  in  his  titrations.    *h*>t  tSUte  ac^ea  to 
rr-lte  ths  -.in" -point  MMBWlWt  ■hwgypy  en*  easier  to  r«ad*  3on- 
lt  f.nd  "^olk  ols  a  noted  that  n  initial  IwilftiiiiTIlUliTll  of  the 
fatty  a2iu.l3ion  hnfore  the  experiment  tended  to  inhihi t  the 
lipase.    This  foot  t?ss  lr  ter  confirmed  V»  WeClure,  %'etniore t 
and  Reynolds  (126).    Notwithstanding  the  advantages  mentioned. 
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Deloch  (52)  found  this  method  too  unreliable. 

A  method  developed  about  the  same  time  was  the  stalago- 
metrio  method  of  Hona  unci  Miohaells  (161) •    It  was  devised 
for  detecting  the  small  amounts  of  lipase  in  the  blood  serum 
ana  useu  tributyrin  as  a  substrate*    As  Villstatter ,  ald- 
schmidt-Leitz  and  Meramen  (200,  201)  indicated,  the  method 
is  not  applicable  to  tne  duoden?tl  contents  without  a  dilution 
of  from  1:100  to  1:500.    Further,  as  Galwialo  and  Sin  inn.  (79) 
noted,  the  method  is    not  so  applicable  with  solutions  which 
contain  substances  that  exert  a  marked  lowering  effect  on 
the  surface  tension.    The  presence  of  varying  amounts  of  bile 
in  the  uuodenal  specimens  would  lessen  the  accuracy  of  the 
net hod  and  would  re<  uire  a  time-consuming  control  for  every 
iTpwrliMtlm    In  any  oa3e  the  method  takes  a  good  deal  cf  time 
and  requires  special  apparatus  so  it  lacks  clinical  applica- 
bility, although  for  its  original  purpose  it  remains  the  most 
satisfactory  method.    V illstatter  and  Memaen  (196)  tried  the 
method  with  pancreatic  extracts  after  they  had  applied  to  it 
their  principle  of  1 ausgleichonde  Aktivierung.  *     It  agreed 
poorly  with  the  titrimetrio  method  which  is  inore  accurate  for 
stronger  solutions  of  a  lipase,    i'he  original  method1  has  been 
variously  modified  without  apparent  advantage.     Bullo  end 
Poli  (26)  proposed  weighing  the  drops  but  that  refinement  in 
accuracy  was  hardly  warranted  by  the  inherent  errors  of  the 
method  such  as  the  variation  in  the    ropping  number  of  the 
control,  etc.    Krijksman  (122)  modified  it  by  using  a  well- 
buffered  solution  and  a  home-roade  atalagmometer.  Notwith- 


£2. 


standing ,  the  method  baa  found  little  use  in  the  analysis  of 
the  duodenal  contents. 

2he  monobutyrin  method  employed  by  Isaac -KTieger  (113) 
and  others  is  open  to  the  objection  established  by  Galwialo 
and  Siiiina  (79)  that  the  monobutyrin  is  further  split  during 
the  titration. 

Gaultier  (81)  published  a  method  using  lecithin  as  a 
substrate.    It  found  no  woIcobb  because  of  the  expense  and 
variable  composition  of  lecithin.    Lueders,  3ergeim,  and 
Rehfuss  (132)  Fill il fill  that  error  in  the    method  by  employing 
oliye  oil  as  a  substrate.    They  also  appreciated  the  meed  for 
rapid  an*0Lysis  and  that  the  undue  exposure  of  the  speci.^en 
to  room  temnerature  would  lead  to  a  c<msider?ib.te  loss  of  ac- 
Lirity.    Hoover,  they  neutralized  their  specimen  to  Phenol  - 
phthalein  first,  which  has  already  been  Rhue'n  to  h?we  an  in- 
hibiting effect  upon  the  action  of  the  linase.     Rnenear  (173) 
also  gave  a  modification  of  the  Gaultier  method  but  he  also 
carried  out  the  ill-advise;   procedure  of  neutralizing  to  phe- 
nolphthalein  first*    He  noted  that  he  stoppe :  the  digestion 
by  putting  the  tubes  in  ice-water  which  would  hardly  suffice 
to  stop  it  in  view  of  the  I  ork  of  Balls  and  tucker  (7). 

Hollander  (110)  and  Hollander  and  Marcus  (109)  devised 
a  method  representing  an  application  of  the  tin©  law  of  He:! in 
using  olive  oil  as  a  substrate.     It  has  certain  objections: 
he  initially  neutralized  the  solution  to  pher  olT>hthaleln 
which  has  already  been  shown  to  be  objectionable,  and  then  add- 
ed an  additional  measured  amount  of  NaOH  to  the  substrate -en- 


Kftm  nircture  mo  not ocl  the  tim  It  re  _r.ire  ,  for  tho  plfifc  co- 
lor to  aisrpnenr.     53»t  tint  fOlllfl  r?,r;r  BOMfhat  fltth  the 
buf for 3 jig  power  of  the  nlxtura  so  tberohy  t-.notl varla&Li 
is  Introduced.    VurthoiTicrn,  thnt  added  alkali  rould  relet 
thB  pB  beyond  tho  optimrsl  range.    Ehat  m  objection  ivplies 
to  the  wethoa  of  itirep,  Lush  ind  Primer  (4)  ir.  v:h:lo1   tri ace- 
tin  ?;ncl  a  buffer  vas  to  the  solution  to  "he  tested  'ind 
the  tine  then  jcted  for  the  pH  to  ?hift  to  a  definite  r^lue 
rs  9 eturmined  oeXoriltttiTleal ly«    33* t  colorinotric  comparison 
could  hsroly  "be  very  precise  In  the  presence  of  a  buffer- 

?he  titrimetrie  method  of  McClure.  v.etrore  rja.fi  Reynolds 
ilZS)  naana  to  aro  id  >11  errors  but  the  one  inherent   ;ln  the 
ti trims  trie  method :    in  a  vjell-hufferee  solution  tfcfl  end- 
r  int  is  difficult  to  roscl  and  without.  thrt  buffering  the 
optimal  pH  is  not  iruaints5.no  *  throughout  the  course  of  the 
reaction.    Ab  BTftfnui  (6v)  noted,  !n  the  presence  of  bile 
that  difficulty  is  further  incre&seu.    McClure  r^nd  his  co- 
workers ftTC  1AM  that  latter  cliff  ion  It?  by  diluting  1  eir 
s^eci:i3n3  1:50.    That  dilution  j~vs  lov,  fiu«U  titration  fi- 
gures so  that  en  error  of  0*1  ec  in  duplicate  dete-xiuin  t ions  f 
an  error  the?  often  encountered,  vcuid  amount  to  a  rather 
Sls&l&a  percentage  error,    They  do  not  justify  their  boiling 
the  spec  lam  i  in  the  f  inal  titration,  I  procedure  which  ^ould 
be  inoonvenitnt  ma  vould  rapidly  boil  off  the  added  alcohol. 
Thnt  last  -*">i*ld  tend  to  cause  variations  in  tho  eni -point  by 
tanning  variations  in  the  extent  of  the  hyurolys.'s  of  the 
BQapa  present,  ft*  the    >ork  of  Kft&lts  Indicated  (116). 
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The  ti  trim© trie  method  of  7-illstfitter,  7;aldschmidt-Leitz 
and  -Teramon  (201)  was  not  designed  as  a  clinic al  method  of 
analysis  ana  as  such  would  be  tira  consuming  anu  awkwarS 
since  a  curve  must  be  plotted  for  each  da  lamination.  It 
was  designed  to  show  the  effeets  of  various  stages  in  the  pu- 
rification of  crude  lipolytic  extracts  and  as  such  was  very 
satisfactory.    2hey  found  it  desirable  in  that  v/ork  to  add 
activators  to  be  sure   »f  *ausgleiohenae  Aktivierung'  since 
they  ted  shown  that  accompanying  J'  is  teri  als  had  a  profound 
effeot  upon  the  lipolytic  action  and  these  were  constantly 
being  altered  by  the  steps  in  the  pur  if ication.  Willatatter, 
Haurowitz  and  Meiamen  (198)  reported,  however,  thar  calcium 
oleate  and  albumin  had  little  effect  on  raw  prepar  ti 
Vogel  and  Laeverenz  (189)  have  published  a  very  similar  me- 
thod, as  have  V.einstein  and  V.'ynne  (192)  although  the  latter 
modify  it  by  adding  the  final  aliquot  to  be  titrated  to  al- 
cohol, letting  that  stand,  then  filtering  and  titrating  an 
aliquot  of  the  filtrate.    That  permits  a  sharper  enu -point 
and  so  surmounts  one  of  the  inherent  difficulties  ox  the  ti- 
trim&tric  method  but  it  is  questionable  if  the  aliouot  they 
titrate  is  a  corresponding  aliquot  of  the  total  fatty  acid 
liberated  in  the  hydrolysis  since  the  system  i3  not  homoge- 
neous. 

Balls,  Matlack  and  Tucker  (6)  devised  a  method  which 
permitted  adequate  buffering  and  yet  did  not  obscure  the  final 
end -point.    It  is  based  upon  the  fact  originally  noted  by 
Viillstfltter  and  his  co-workers  (Ber.  54  :    2988  (1921)),  that 


25. 


phanoiphthaleiu  is  not  nattal tfTti  to  varying  amounts  of  ammo- 
nium hyur  oxide  in  a  l^rge  excseas  of  aloe  hoi    >nd  other  and 
in  the  presence  of  auuaoniiua  chloride.     In  a  torn  pr;-  binary 
experience  I  waa  not  able  to  reproduce  the  satisfactory  re- 
sults thay  obtaineu  from  tneir  metnoa  t  partly  because  dupli- 
cate titrations  did  not  satisfactorily  agree  ana  partly  be- 
cause of  %3m  turbidity  and  intense  color  of  the  bile  prepara- 
tions their  methoa  calls  fox*.    '±vhe  olio  employed  may  not  have 
been  suitad  to  the  purpose  aa  it  never  produced  th**  clear 
solution  ihoy  noted  should  »«  obtaineu.    Pur thermoro ,  the 
method  VQUli  never  be  Bdtiaf t  otary  c  micaily  because  of  the 
relatively  lax*go  amounts  of  r.-d  cohol  ana  otmr  it  demands  for 
the  titrations*    'i'hut  would  oitaer  nuke  the  method  r -■Tensive 
or  would  reoaii'o  &£»  fc£m  and  apeoial  a  :>pa  rat  us  nee;  ea  for 
a  proper  recovory  of  the  aiooaol  and  etuur.    j'or  these  rea- 
sons Wis  iu-utnoa  was  not  consioerow  olxnica  iy  desiraole  al- 
though it  was  felt  the  pwitboi  met  the  objections  which  can 
be  raised  at;uinst  most  (*t  the  ti  trine  trie  methods. 

Other  little  usea  i  m  more  unusual  methoa  3  have  aeen 
proposed  for  lipolytic  analysis.    Oozony,  wsell,  anu  Koffon- 
reioh  (bU)  devised  a  turbid  iiae  trie  method  v/hioh.  aepenaed  upon 
the  amounc  of  casein  precipitated  from  the  solution  as  fatty 
acid  was  liberated  in  the  hydrolysis  of  uhe  fatty  substrate. 
Ino  method  is  inter^s'timf;  but  of  dubious  practicability. 

I'he  ethyl-butyrate-glycine  micro  iBthod  of  Uliek  (84) 
is  more  suited  lor  esterase  beoe^use  of  its  substrate.  It 
is  but  a  titrimetrio  laethoa  designed  to  conserve  materials 
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which  is  hardly  necessary  in  working  ?^ith  the  duodenal  con- 
tents because  their  lipolytic  action  is  so  markeci. 

The  molecular  film  method  of  Sorter  (87)  mi^it  find  ap- 
plication with  extremely  weak  lipolytic  solutions. 

Carnot  and  Mauban  (27)  devised  a  method  involving  the 
use  of  a  fat  emulsified  in  agar.    This  mixture  was  poured  in- 
to Petri  dishes  and  allowed  to  cool.    The  specimen  whose  li- 
polytic activity  was  to  be  tested  was  spread  upon  the  surface 
and  after  a  suitable  time    interval  the  surface  of  the  plate 
was  washed  with  copper  sulphate  solution.    After  rinsing  with 
water,  greenish  blue  3pots  could  be  seen  where  the  copper 
had  reacted  with  the  liberated  fatty  acids  to  precipitate 
cupric  soaps.    The  method  was  later  nade  semi-quantitative 
by  Mauban  (134)  by  using  the  method  of  serial  dilutions.  It 
is  an  interesting  method  but  open  to  objections:    no  buffer 
was  employed  sad  could  not  be  in  such  a  medium;  the  prepara- 
tion of  the  plates  would  be  troublesome  and  there  would  be  an 
inevitable  arbitrary  element  in  reading  the  end -point. 

Gang  and  Klein  (80)  omploying  monobutyrin  and  serial  di- 
lutions read  the  final  end-point  by  extracting  the  liberated 
fatty  acid  with  an  overlay  of  petroleum  ether  and  benzene. 
That  overlay,  on  the  addition  of  copper  acetate,  would  develop 
an  emerald  green  color  in  the  presence  of  liberated  butyric 
acid.    Leubner  (126)  used  a  turbidimetrio  method  with  trio- 
lein as  a  substrate.    Myers,  Free  and  Beams  (148)  found  that 
tributyrin  and  trifle  in  gave  comparable  results  and  tributyrin 
is  much  cheaper  in  a  pure  form.    The  latter  has  the  additional 
advantage  that  temperature  does  not  have  such  an  effect  upon 
its  viscosity.    A  lowly,  but  eminently  practical  consideration 


27. 


for  the  clinician,  is  that  tubes  which  have  contained  a  tri- 
butyrin  emulsion  need  but  be  rinsed  with  hot  water  to  clean 
ti»BU    In  the  use  of  triolein  they  would  all  bnve  to  be  care- 
fully and  individually  washed* 
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KSSULES  OF  LIPOLYTIC  /N/ LYSIS  B3BKMK  IN  LITJSL/l^UKE 

This  review  is  conveniently  divided  into  the  following 
arbitrary  sections:     (1)  the  value  of  lipolytic  analysis  of 
the  duodenal  contents  in  comparison  with  some  of  the  other 
available  tests  of  the  duodenal  contents;  (2)  general  consi- 
derations including  the  normal  limits  of  variation  for  lipo- 
lytic activity;  (3)  reported  results  in  specific  conditions 
reviewed  chronologically;  (4)  summarization  and  evaluation 
of  results* 

The  only  other  tests  of  the  duodenal  contents  vtith  which 
the  test  for  lipase  may  be  strictly  compared  are  those  for 
the  other  two  enzymes:    trypsin  and  amylopsin.    Attempts  have 
been  made  to  gain  information  regarding  the  enzymes  indirectly 
by  correlating  their  activity  with  the  volume  of  secretion, 
l'hey  have  met  with  little  success  as  might  have  been  expected 
in  view  of  the  dual  mechanism  controlling  those  factors*  One 
or  two  generalizations  have  emr-rged  but  they  do  not  have  much 
practical  value.    Anrep,  Lush  and  Palaer  (4)  reported  that  if 
the  volume  output  were  In,  the  enzymic  output  also  tended  to 
be  low.  while  if  the  volume  were  high,  the  enzymic  output  also 
tended  to  be  high.    Berger t  Hartmann,  and  Leubner  (14)  found, 
in  contrast,  that  the  enzymic  concentration  tended  to  be  low 
if  the  volume  were  high,  whereas  if  the  volume  were  low  one 
could  expect  to  find  almost  any  enzymic  concentration.  Gu- 
bergritz  (94),  Lfigerlof  (124),  Diamond,  Siegel  and  Gall  (53), 
and  others  have  reported  that  in  general  the  enzymic  concen- 
tration is  inversely  proportional  to  the  volume.    3?his  oonclu- 
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sion  at  least  appears  reasonable  in  view  of  the  double  hu- 
moral-nervous  control  of  the  gland.    A  Rehfuas  tube  obviously 
does  not  permit  quantitative  recovery  of  the  duodenal  contents 
and  it  Is  a  moot  point  as  to  whether  quantitative  recovery 
could  contribute  information  of  any  clinical  value  since  in 
enzymic  analysis  we  should  always  have  to  content  with  the 
varying  amounts  of  non-pancreatic  secretions  present. 

Probably  even  mere  fruitless  have  been  attempts  to  cor- 
relate gastric  secretions  and  the  character  of  the  duodenal 
contents.    Elnhora  (64)  early  emphasized  the  absence  of  any 
discernible  correlation  between  the  two  in  reporting  that  se- 
ven oases  of  achylia  gastriea  had  enzymes  present  in  normal 
concentration.    Ehrmann  and  Lederer  (59),  after  less  exten- 
sive tests,  had  already  reported  the  previous  year  that  the 
pancreas  was  not  involved  in  that  condition.    Chaoe  and  My- 
ers (28)  concluded  the  gastric  acidity  had  no  influence  on 
the  duodenal  contents.    Friedenwald  and  Sindler  (75)  and  Gy- 
otoku  (98)  were  unable  to  establish  any  relation  between  the 
enzymes  in  the  duodenal  contents  and  the  character  of  the 
gastric  juice.    Stauder  (175)  likewise  could  find  no  corre- 
lation between  the  two.    Thaysen  and  Norgaard  (184)  reported 
higher  lipolytic  values  than  normal  in  oases  of  achylia  gas- 
trioa but  no  significance  can  be  attached  to  that  conclusion 
because  of  their  peculiar  method  of  analysis.    They  did  not 
remove  the  fasting  gastric  contents  and  their  specimens  were 
constantly  being  contaminated  by  varying  amounts  of  acid  gas- 
tric secretions  being  ejected  throu^i  the  pylorus,    They  ana- 
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lysed  their  specimens  without  neutral  Iz  ing  them.    1?hus,  In 
effect,  they  were  studying  the  variation  in  lipolytic  activi- 
ty with  pH  and  naturally  therefore,  in  their  cases  of  aohy- 
lia  gastrica  they  obtained  a  greater  lipolytic  acti-n  be- 
cause in  those  instances  they  were  working  in  the  optimal  pH 
range  of  pancreatic  lipase.    Gfubergritz  (95)  noncommi tally 
concluded  that  in  achylia  gastrica  you  may  get  a  pancreatic 
hypersecretion  by  way  of  compensation  or  you  may  ^et  a  lower- 
ing of  function  which  amounts  to  saying  there  is  no  correla- 
tion between  the  two.    Goldstein  (85)  found  in  this  condition 
that  the  volume  of  secretion  was  lowered  but  enzymrticnlly 
it  ten  Jed  to  be  more  active  and  he  offered  the  reasonable 
explanation  that  there  was  less  acid  available  to  initiate  the 
secretin  mechanism*    Indirect  support  of  this  view  was  offered 
by  von  Loeffler  (130)  who  found  that  after  secretin  injection 
the  pancreatic  secretion  was  hi^i  normal  fcr  above  in  cases 
of  achylia  gastrica*    A  reasonable  explanation  of  this  13  the 
assumption  that  in  achylia  gastrica,  the  rancreas,  by  way  of 
compensation,  learns  to  respond  in  a  normal  fashion  to  the 
diminished  amounts  of  secretin  which  the  stimulation  of  a 
less  acid  chyme  is  able  to  call  forth*    So,  when  a  normal 
dose  of  secretin  was  injected  a  somewhat  greater  than  normal 
response  w^old  result.    The  results  of  Sgren,  Lfigerlof,  and 
Berglund  (2),  who  also  used  secretin  as  a  stimulus  and  found 
the  response  in  these  cases  normal  or  above,  would  ten-  to 
support  the  above  explanation.    The  original  assumption  that 
a  correlation  might  be  found  between  the  status  of  gastric 
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activity  and  that  of  pancreatic  activity  would  appear  to  have 
"bean  based  more  on  anatomical  Juxtaposition  and  the  common 
digestive  function  of  the  two  organs  than  upon  any  fundamen- 
tal interconnection  which  might  be  expected  to  serve  as  a 
basis  for  that  correlation.    Certainly,  to  date,  no  such 
correlation  has  been  satisfactorily  demonstrated  and  no  in- 
direct conclusions  concerning  pancreatic  function  can  be 
drawn  from  gastric  analysis. 

There  is  a  lack  of  agreement  regarding  the  value  of 
tests  for  lipase  in  comparison  v;ith  tests  for  the  other  two 
pancreatic  enzymes.    V/e  cannot  attach  too  much  si^if icance 
to  the  judgment  of  those  who  considered  the  test  for  lipase 
of  no  value  in  comparison  with  tests  for  the  other  two  en- 
zymes because  the  unsatisfactory  nature  of  the  available  me- 
thods of  lipolytic  analysis  may  have  largely  accounted  for 
their  conclusions.    Bondi  and  Salomon  (23)  early  concluded 
that  the  determination  of  lipolytic  activity  alone  offered 
the  greatest  reward  for  the  effort  involveu.    G-rasmann  (89) 
agreed  with  that  view,    Einhorn  (66)  considered  the  deter- 
mination of  tryp3  in  the  most  satisfactory  but  as  noted  his  me- 
thod for  lipase  was  pretty  crude  and  in ad equate.    Isaac-Erie - 
ger  (113)  thought  the  determination  of  lipase  was  of  value. 
Baxter  (10)  views  the  whole  procedure  of  enzymie  analysis  as 
rather  unsatisfactory  but  feels  that  since  the  enzsanes  are 
secreted  in  parallel  concentrations  the  aetormination  of 
only  one  of  them  will    ffer  as  much  information  as  the  method 
can  yield.    Diamond  and  Siegel  (54)  concluded  from  their  work 
that  the  enzymes  suffered  first  in  any  disturbance  of  the  pan- 
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areas  affecting  the  external  secretion  and  that  lipase  and 
amylase  T?ere  particularly  apt  to  fall  in  e noentration.  This 
seeias  reasonable  in  view  of  the  tendency  of  injured  organs 
to  lose  first  their  most  specialized  functions.    Ivy  (115) 
concluded  that  lipase  ttss  more  consistently  low  than  the  o- 
ther  two  enzpaes  and  viewed  the  determination  of  trypsin  as 
the  most  satisfactory*    Von  Loeffler  (120)  reports  that  a 
decrease  in  amylolytic  activity  is  the  first  ovidonce  of  pan- 
creatic injury.    Strauss  (178),  on  tiie  other  hand,  considered 
the  estimation  of  lipase  and  trypsin  as  the  most  instructive. 
Some  have  reported  that  enzymic  tests  iftl  of  no  value  what- 
soever such  as  D*  Ignazio  (55)  and  his  coworker.  Gaither 
agreed  with  that  view  and  as  late  as  1939  writes: 

"The  consensus  of  opinion  of  the  great  majority  of  au- 
thors is  that  the  estimation  of  pancreatic  ferments  in 
the  duodenal  contents  and  stool  is,  from  the  stand  point 
of  die  gnosis  of  disease  of  the  pancreas,  <:uite  value- 
less.   'Then  the  foments  are  markedly  diminished  or 
absent  the  diagnosis  is  so  self  evident  that  laboratory 
tests  are,  as  a  rule,  not  needed." 

There  is  a  slight  joker  in  that  sweeping  damnation.    As  will 
appear  shortly,  most  workers  would  agree  that  the  enzymic  a- 
nalysi3  of  the  duodenal  contents  will  not  diagnose  panoreatie 
disease  hut  in  many  cases  it  may  serve  to  direct  attention  to 
the  pancreas  when  its  involvement  was  not  suspected.    The  di- 
agnosis will  then  depend  on  the  symptoms  of  the  patient,  the 
history  of  the  illness  etc.  since  many  c onditions  onn  give  a 
depression  of  the  ferment  production. 

It  is  generally  Hgreed  that  only  an  absence  or  marked 
djminution  in  the  enzymes  or.n  be  viewe-   as  significant  as 
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Zi  »mer  (204),  Chaysen  ana  Norgaard  (184),  Chaoe  and  flyers 
(28),  Chiray,  Lebon  and  Gozlan  (31,  32,  34),  Crohn  (40-44), 
Ivy  (115)  ana  others  have  emphasized.    Low  or  negative  re- 
sults are  strengthened  when  several  analyses  yield  the  same 
findings  as  Isaao-Krieger  (113),  Comfort  (37)  and  others  have 
indicated    Several  have  stressed  the  view  that  enzymic  tests 
can  have  prognostic  value  in  following  some  form  of  pr-ncreatic 
disease:    Berger,  Hartmann  and  Leubner  (13,14),  Berger  and 
Schnetz  (15),  Lflgerlof  (124),  and  Wolodin  (202).  Lggerlof 
found  repeated  tests  of  value  in  foil  wing  the  course  of  a 
pancreatitis.    Wolodin  (202)  would  raake  nso  of  them  prognos- 
tically  in  following  the  course  of  diabetics. 

The  question  of  whether  a  lipolytic  analysis  alone  of  the 
duodenal  contents  will  yield  as  much  information  as  an  enzymic 
analysis  of  that  material  can  offer  will  hinge  largely  upon 
the  extent  to  which  the  enzymes  are  secreted  in  parallel  con- 
centrations.   Some  of  the  earlier  workers  reported  the  enzymes 
were  not  produced  in  parallel  concentrations:    Binhom  (66), 
Deloch  (52),  Friedenwald  and  Sindler  (75),  Isaac-Kriegor  (113), 
and  Katsch  and  von  Friedreich  (117).    However,  their  methods 
were  not  accurate,  as  already  noted,  and  all  conclusions  ob- 
tained by  inaccurate  methods  must  be  held  suspeot.  Chiray, 
Lebon  and  Gozlan  (31,32,34)  and  Ivy  (115)  agree  with  that 
view  but  present  little  evidence  in  its  support.    Among  the 
early  workers  Bondi  and  Salomon  (23)  were  the  first  to  sup- 
port strongly  the  view  that  the  enzymes  were  secreted  in  par- 
allel concentrations.    As  I  indicated  in  the  discussion  of 
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early  methods,  that  of  Bondi  was  probably  the  most  satis- 
factory.   Gyotoku  (97)  conoid  e  l  that  the  enzymes  may  or  may 
not  run  in  parallel  concentrations.    Most  of  the  later  workers 
have  decide-  that  the  enzyme  s  normally  ure  secreted  in  paral- 
lel concentration.    Among  those  supporting  this  view  are: 
Utgerlof  (124),  Leuthardt  (127),  Baxter  (10),  8gren,  Lligerlof, 
and  Berglund  (2),  Anrep,  Lush  and  Prater  (4),  JHUmmA  and 
Siegol  (54),  and  Diamond,  Sicgel  and  Gale  (5i3).    ffto  latter 
two  groups  of  authors  did  note  that  various  lesi  ns  oould 
give  dissociation  of  the  enzymes  raiu  that  In  such  instances 
lipase  and  amylase  were  nost  often  involved.    Anrep,  Lush 
and  Palmer  (4)  did  not  ana  lyze  for  lipase  hut  "based  their  con- 
tention upon  the  parallelism  displayed  by  trypsin  and  amylop- 
ain.    That  point  is  of  interest  f  or  it  is  the  analysis  for 
lipase  vhich  has  reportedly  been  condemned  as  unsatisfactory. 
The  poor  method  of  lipolytic  analysis  may  thus  have  accounted 
in  many  instances  for  the  non-parallelism  encountered.  Bax- 
ter (10)  reviews  the  earlier  work  on  dogs  evidencing  the  par- 
allel secretion  of  the  three  outstanding    c.noreatic  enzymes 
and  reaffirms  that  result  for  man.    Baxter  notes  that  since 
the  cells  of  the    anoreas  concerned  with  external  secv ttion 
are  so  remarkably  uniform  it  is  probable  that  one  and  the 
same  cell  produces  all  three  enzymes.    That  suggests  a  rea- 
sonable "basis  for  expecting  parallelism.    In  the  light  of  the 
evidence  at  present  available  the  nost  reason''bl3  view  would 
appear  to  be  that  expressed  by  Diamond,  Siegel  and  Gale  (53): 
the  enzymes  are  normally    roducsd  in  parallel  concentration 
but  in  lesions  affecting  tho  pancreas  we  may  find  dissociation. 
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In  attempting  to  establish  from  the  literature  the  nor- 
mal limits  of  variation  of  the  lipolytic  activity  of  the  duo- 
denal contents  we  are  faced  with  a  well  nigh  insoluble  prob- 
lem for  two  reasons:     (1)  few  methods  of  lipolytic  analysis 
fulfill  the  criteria  already  set  up  for  an  accurate  determi- 
nation and  so  the  results  they  yield  are  not  reliable;  and 
(2)  the  methods  differ  so  much  in  their  proceaures  that  their 
results  would,  in  any  case,  not  be  comparable.    The  summary 
in  the  accompanying  table  gives  some  of  the  results  which  I 
feel  oan  be  compared  with  my  own. 

At  this  point  I  should  like  to  intrude  a  bit  of  reason- 
ing which  must  necessarily  be  crude  and  which  some  may  regard 
as  dangerous  but  which,  none  the  less,  I  feel  has  some  valid- 
ity.   According  to  Harrow  (102),  an  average  daily  diet  may 
be  con  idered  to  include  about  80  gms.  of  fat.    He  estijn&tes 
the  average  daily  pancreatic  secretion  at  about  600cc  3?hat 
amount  of  fat,  if  we  regard  it  as  pure  tripalmitin,  repre- 
sents about  0.3  equivalents,  bearing  in  mind  that  every  mole- 
cule liberates  three  of  fatty  acid  on  hydrolysis.    To  neu- 
tralize all  that  fatty  acid  would  take  three  liters  of  0.1  N 
NaOH.    Of  the  total  daily  pancreatic  secretion  it  is  probably 
reasonable  to  consider  that  only  one  half  is  effective  in 
hydro lyz  ing  the  fat.    The  remainder  I  should  view  as  being 
secreted  when  fat  was  not  available  for  digestion  or  as  being 
destroyed  by  the  proteases  before  it  could  act  or  as  being 
unable  to  come  into  contact  with  the  poorly  emulsified  fat. 
On  that  crude  basis,  if  every  cubic  centimeter  of  duodenal 
contents  in  a  lipolytic  test  did  not  liberate  from  the  fatty 
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substrate  an  amount  of  fatty  acid  requiring  at  least  10  cc* 
of  0.1  N  NaOH  for  titration,  it  would  be  too  weak  in  lipoly- 
tic activity  to  digest  completely  the  average  daily  intake 
of  fat*     SJhat  m gleets  the  undigested  fat  in  the  feces,  which 
is  not  great  (103)  and  the  lipolytic  effects  of  bacteria  and 
intestinal  lipase*    The  latter  vcio  cannot  be  very  significant 
for  failure  of  the  pancreatic  secretion  alone  leads  to  stea- 
torrhea (182,183) ♦    We  could  even  safely  double  that  figure 
of  ten  cubic  centimeters  in  view  of  the  augmented  amounts  of 
fat  in  the  diet    hi  oh  an  adult  can  digest  without  lee  ding  to 
a  significant  increase  in  the  undigested  i  .t  in  the  stool 
(103)*    Despite  the  approximations  involved  in  that  reason- 
ing, I  think  it  permits  us  to  view  with  extreme  skepticism 
any  reported  lipolytic  results  less  than  the  equivalent  of 
10  oc.  of  0.1  K  NaOH  per  cubic  centimeter  of  duodenal  con- 
tents*    I  shall  refer  to  this  table  again  in  the  analysis 
of  my  own  results. 

The  problem  of  the  normal  limits  of  variation  in  the 
lipolytic  activity  of  the  :  uodenal  contents  is  an  important 
one  for  without  that  information  we  have  no  clew  as  to  what 
valies  may  be  considered  subnormal.    Several  of  the  earlier 
workers  reported  that  the  lipolytic  activity  was  remarkably 
constant:    Bondi  (SI),  Strauss  (178),  Spencer  (174.),  Sohmidt- 
Ott  (170),  and  Crohn  (40,43).    One  is  forced  to  question  the 
validity  of  their  conclusions  on  the  basis  of  the  objections 
already  raised  to  their  methodsu    Despite  this  earlier  work 
the  consensus  indicates  that  considerable  normal  variation  is 
to  be  expected.    The  conclusions  of  many  investigators  support 
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this  view:    Etnhorn  (63-67),  "immer  (204),  Leubnor  (126), 
Chsoe  and  Meyers  (28),  Isaac-Krieger  (113),  Hollander  (110), 
Comfort  (  37),  Comfort,  barker,  and  Oster"berg  (  38),  Sgren, 
Lager lof,  and  Berglund  (2),  Carnot  ana  Mauban  (27),  Chiray, 
Le"b cm  and  Gozlan  (31,32),  McClure,  Y?etmore  and  Reynolds 
(136),  Voegtlin,  Green  gard  and  Ivy  (180).    ri%oge  who  have 
flone  repeated  tests  on  the  sane  individusl  find  the  results 
are  not  the  same:    Bond! (21),  Comfort  (37),  Einhorn  (66), 
and  Voegtlln,  Greengard  and  Ivy  (188).    My  own  results  con- 
firm this  view  and  one  of  my  purposes  to  to  ostablish  the 
normal  limits  of  variation  by  subjecting  to  statistical  ana- 
lysis the  results  obtained  from  the  examination  of  a  large 
number  of  normal  people. 
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REPORT    LIPOLYTIC  ACTIVITY  .^OR  mmoWQIC  OOSDIWOHS 

In  the  first  extensive  series  of  casea  reported  by 
Tinhorn  (64)  there  were  no  case 3  of  pancreatic  disease  and 
to  only  four  in  which  steapein  was  absent  was  affixed  the 
dubious  diagnosis  of  'atony  of  the  stomach.'    Iven  th&t  re- 
sult cannot  "be  given  too  much  credence  in  view  of  the  crudi- 
ty of  his  lipolytic  method.    That  steapsin  was  present  in 
normal  concentration  in  various  gastric  and  hepatic  disor- 
ders would  suggest,  what  we  might  prognosticate,  namely, 
thtit   x,ncreatic  function  in  those  conditions  would  "be  nor- 
mal.   Five  years  later  Einhorn  (66)  reported  the  conclusions 
reachea  after  an  examination  of  the  duodenal  contents  from 
170  patients.    H©  noted  then  that  a  true  pancreatic  achylia 
can  exist  feat  that  it  is  rare  and  i3  usually  the  terminal 
stage  of  chronic  pancreatitis.    He  gatfe  the  results  in  the 
case  of  hut  one  patient  who  was  inclined  to  gastric  distress 
and  constipation  and  had  a    dilatod  Htomaoh  and  enlarged 
liver.    By  implication  diluting  and  it 3  attendant  poor  diet 
are  given  as  the  etiological  agents.    2he  first  lipolytic 
test  on  the  duodenal  con!  euts  of  that  patient  showed  no  en- 
zyme hut  it  was  later  founct  :.fter  a  period  of  rest  sad  proper 
diet.    2ho  significance  of  the  case  is  hest  nummarized  in  his 
own  v/ords: 

"It  13  fair  to  assume  that  the  i  isturbed  pancreatic 
function  was  caused  hy  an  inflammatory  process  of  the 
entire  gland,  involving  als    the  islands  of  Langerhans, 
as  evidenced  by  the  presence  of  sugar  in  the  urine,  "he 
rational  way  of  living  produced  a  change  for  the  bettor, 
so  that  the  inflammation  subsided.    The  sugar  then  dis- 
appeareu ,  and  the  pancreatic  function  returned  to  nor- 
mal activity." 
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A  general  pancreatitis  nay  thus  suppress  enzynio  production 
which  will  once  again  return  to  normal  upon  subsidence  of  the 
inflammation.  Three  years  l^.ter  he  reported  on  thirty-two 
additional  oases,  none  of  which,  again,  involved  pancreatic 
disease,    Notwithstanding,  steapsin  was  several  tines  ab- 
sent hut  no  safe  deductions  c  m  he  made  from  that  since  hi 3 
'oethod  was  crude  and  lie  did  not  protect  the  lipase  adequately 
from  the  destructive  effects  of  exposure  to  room  temperature 
prior  to  the  analysis. 

In  1912  He  as  (106)  reported  a  study  of  the  pancreatic 
ferments  in  infants.    He  refute.;  the  old  theory  that  marasraum 
was  due  to  a  lack  of  digestive  foments  hy  shoeing  they  "/ere 
present  in  even  advanced  cases  of  that  disease.     In  a  few 
of  the  mare  atrophic  infants  he  detected  weak  lipolytic  ac- 
tion.   His  contribution  cannot  be  accorded  much  value  sinco 
ethyl  butyr  te  was  his  substrate  and  he  was  therefore  de- 
termining esterase  and  not  lipase.    The  following  year  Hess 
(107)  reported  enzymic  studies  in  infants  with  acute  intes- 
tinal indigestion.    His  results  may  be  summarised  in  his 
own  words: 

M,fhe  deficiency  of  lipase  seemed  to  be  to  some  egree 
characteristic  of  this  disturbance;  it  la  not  a  gener- 
al characteristic  of  all  febrile  conditions,  and  was 
not  net  with  in  pneumonia  or  empyema .     It  is  possible 
that  lack  of  lipolytic  activity  in  this  disease  should 
be  correlated  with  the  clinical  manifestation  of  fat 
intolerance,  and  the  metabolic  studies  showing  a  defi- 
cient absorption  of  fat." 

filhat  indirect  eonf irmation  of  his  results  £ives  them  greater 
credence  despite  his  low  titration  figures  and  the  relative- 
ly sli^it  differences  between  his  results  in  aoute  intestinal 
indigestion  and  other  unrelated  conditions. 
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In  1913  Bond!  Blia  9  lorion  (23)  reported  two  cv.gcs  with 
no  lipase.    They  "both  showed  * pancreatic  stools*  sad  ^ne 
also  had  light  diabetes.    He  does  not  give  the  a  in  gnoses  bttt 
noted  they  troth  responded  to  pancreatin.    They  were  evidently 
both  cases  of  pancreatogenous  steatorrhea,  which  is  due  to  a 
diminished  output  of  steapsin  and  also  usua  Lly  of  trypsin, 
o  point  which  will  he  referred  to  later.    Hence  hi3  finding 
were  undoubtedly  correct.    The  same  year  TJondi  f22)  reported 
low  lipolytic  values  for  three  cases  -f  cholelithiases  and 
two  cases  of  sevore  diabetes.    Oth~r  patients  with  the  same 
conditions  revealed  normal  values. 

Also  in  the  sane  year  Choce  and  Myers  (28)  reported 
results  in  a  case  with  pancreatic  disease.    A  patient  with 
chronic  pancreatit5  s  revealed  weak  lipolytic  action.  .Actu- 
ally, they  tested  for  esterase  since  their  substrate  was 
ethyl  butyr;  te.    Their  evaluation  of  the  te3t  for  the  pan- 
creatic ferments  is  worth  ouotinp  since  it  nay  still  be  con- 
sidered essentially  c-crroet: 

"The  normal  v aria  tlon  in  the  activity  of  the  pancreatic 
enzymes  is  so  |preat,  as  ovi danced  by  the  data  tabula- 
ted above,  that  only  an  absence  of  the  enzymes  T7ould 
appear  t    renuer  the  juice  of  diagnostic  ?filue.  The 
absence  of  oanereatic  enzyme  in  the  duodenal  juice, 
would,  ho'.'ever,  be  positive  evidence  of  oithor  pancre- 
atitis or  of  non -patency  of  the  ^ancreatie  duets  .  . 

The  ferments  were  normal  in  a  case  of  carcinoma  of  the  gall 
ducts  and  pylorus  because  the  pancreatic  ducts  were  not  in- 
volved, a  point  confirmed  et  operation* 

Crohn  (41)  reported  his  first  results  in  1913  when  27 
oases  were  included.    The  woeful  inadequacy  of  his  method 
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7/hich  in  my  case  measured  esterase  aal  not  lipa3o  render 
hi3  reamlts  of  very  dubious  vrlue.     In  the  li,^ht  of  later 
work  we  may  accept  at  face  value  the  f.  nsenee  of  •lipase1  in 
three  cases:     two  of  aoute  pancreatitis  with  the  diagnosis 
of  one  case  continued  tit  operation  when  the  load  of  the  pan- 
creas was  found  to  be  markedly  swollen  and  infiltrated;  and 
one  with  a  massive  sarcoma  involving  the  or.noreatic  duct 3 
and  confirmed  at  autopsy.    ?he  other  HNS,  unfortunately, 
cannot  be  accepted  at  their  face  value.     In  the  same  year 
(40)  he  reported  certain  general  contusions:    the  ferments 
wero  low  in  pancreatitis;  normal  in  gastric  diseases  and  a- 
ohylia  prastrica;  increased  in  dl  betes  and  hepatic  cirrhosis. 
In  his  cases  of  carcinoma  of  the  head  of  the  oancreas  no  li- 
pase was  detected.     In  1915  he  published  three  additional 
papers  {42-44).    on  the  basis  of  his  studies  ho  concluded; 
"Complete  e'i  aence  of  pancreatic  ferments  with  absence  of 
bile,  spells  tumor  and  only  tumor."    He  found  the  onsymos 
were  usually  absent  in  cases  of  ^mcroatic  calculi  although 
bile  was  present  in  such  cases.    He  rightly  concluded  that 
the  results  in  neoplasms  involving  the  pancreas  or  biliary 
system  would  depend  upon  their  location.    Later  work  has 
justified  his  conclusions  -It  hough  he    id  not  support  them 
with  detailed  reports.     In  a  second  paper  he  reported  on 
over  120  cases  all  but  17  of    which  he  considered  normal. 
Of  those  seventeen  there  was  complete  absence  of  ferments 
in  six  due  to  a  neoplastic  obstruction  of  the  ducts.  The 
other  eleven  revealed  diminished  enzymic  activity  due  to  or- 
ganic or  functional  pancreatic  disturbance.    He  drew  the 
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following  conclusions  ff flu  his  riork:     (1)  almost  all  cases 
of  oancreatitis  present  oeficxont  external  pancretic  secre- 
tion; (2)  severo  disease  in  a  neighboring  abdominal  organ 
nay  cause  o.  iminution  of  the  functional  activity  of  the  pan- 
creas; (7?)  mild  int erlohular  pancreatiti3  ma 7  exist  without 
diminishing  the  strength  of  the  external  secretion.  This 
is  in  ccntrast  with  intra -acinar  inflammation,  which  causes 
severe  depression  of  functional  1  ctivity;   f4)  pancreatic 
new  00097 the,  which  do  not  obstruct  the  duct,  do  not  neces- 
sarily cause  diminished  secretory  newer.    His  fir3t  and  last 
conclusions  have  been  nmply  confirmed  since  but  his  evidence 
for  the  second  is  not  convincing  and  the  third  involves  an 
arbitrary  pathological  distinction  of  dubious  value.     In  his 
third  paper  of  1915  (44)  he  covered  52  cases  presenting  the 
common  symptom  of  jaundice.     He  drew  tfta  rather  optimistic 
donclus  ion: 

"All  in  all,  rules  nny  be  formulated  for  the  occurrence 

of  certain  findhgs  in  each  of  the  psathologic  conditions 
usully  encov'itefed ;  these  rules  are  based  on  the 
MAJORITY  of  the  chemical  examinations  in  such  cases; 
exceptions  to  the  rules,  as  to  all  biologic  rules,  do 
oc  cur.  " 

As  will  appear  from  later  reports,  the  ensymlc  analysis  of 
the  du  x,enal  contents  crnn  >t  tell  us  more  than  whether  the 
ducts  are  patent  and  the  gland  can  produce  the  ensyru-s.  Va- 
rious conditions  oan  lead  to  non-patency  or  to  Q  depressed 
enzymic  output  but  of  the  specific  condition  involved  in  a 
given  case,  the  enzymic  ^mnlyjis  can  tell  us  nothing.  In 
12  oases  of  cholelithiasis  and  cholecystitis  he  found  dimin- 
ished fermonts  in  two  which  he  notes  pointed  strongly  to  a 
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complicating  pancreatitis.    The  lipase  ^s  low  or  absent 
in  seven  of  the  twelve  which  is  roro  a  reflection  upon  his 
poor  method  of  analysis  th  in  an  adequate  basis  for  profound 
deductions.    Six  of  eleven  cases  of  pancreatic  malignancy 
revealed  no  foment 3,    Be  noted  that  in  tine  ulcerative  re- 
generation of  the  neoplasm  may,  in  such  cases,  release  some 
of  the  ferments.    A  caso  of  acute  suppurative  pancreatitis 
revealed  hut  traces  of  the  th'/ee  femnnts.    Pour  cases  of 
chronic  paicreatitis  were  diagnosed  by  the  finding  of  dimin- 
ished ferments  in  the  duodenal  contents.     His  other  cose3 
were  unrelated  to  pancreatic  disease* 

In  1914  /.dler  (1)  reported  the  lipolytic  foment  was 
diminished  in  cases  of  duodenal  ulcer,  achylia  gastrica, 
cholelithiasis,    ind  in  a  case  of  carcinoma  of  the  ductus 
choledoohus.    He  does  not  r?ive  e  stalled  reports  or  the  men- 
bor  of  case    upon  which  those  conclusions  were  based.  His 
findings  in  duodenal  ulcer  and  in  achylia  gautrica  have 
not  been  confirmsu  and  any  connection  bstweon  those  condi- 
tions ana  a  disturbed  enzymic  production  of  the  pancreas  is 
not  apparent.    He  did  employ  the  aethod  of  Bondi  which  in 
comparison  with  mott  of  the  early  methods  of  lipolytic  analy- 
sis was  muon  raoro  satisfactory. 

In  the  same  year  Gang  and  ICLoin  (80)  reported  B  case 
of  pancreatic  necrosis,  confirmed  at  operation,  which  had 
revealed  v^ry  depressed  values  for  lipase  and  diastrse. 
Another  case  revealing  very  depressed  lipolytic  action  could 
be  explained  011  the  assumption  of  a  malignancy  blocking  the 
ducts  in  the  light  of  the  patient's  cachexia.    They  had  no 
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opportunity  to  confirm  that  diagnosis,  howevert    'Jheir  other 
oases  did  not.  involve  the  pancreas. 

Grasmann  in  1917  (89)  reporte  1  a  cr.se  of  pHligi  filiHn 
carcinoma,  confirmed  at  autopsy,  which  revealed  almost  no 
lipolytic  activity. 

Null  (1£>0)  in  1930  made  &  plea  for  a  more  general  use 
of  the  method  of  duodenal  analysis  and  reporte  .  a  c^se  of 
cholelithiasis  mi  one  of  cholecystitis  with  normal  fermont 
values.     Her  findings  serve  to  emphasi.-e  the  fact  that  such 
conditions  start  a  secondary  pancreatitis  or  cause  "blockage 
of  tho  ,-^noreatic  ducts  only  in  the  exceptional  case.  In 
the  same  year  Mauban  (136)  reported  his  findings  in  seventeen 
cases  of  jaundice  of  vari  hie  origin.    .All  hut  two  of  those 
oases  revealed  a  greater  action  thsn  normal. 

In  1981  Isaac -Krieger  (113)  emphasised  that  duodenal 
analysis  could  not  yield  a  sure  diatf*nof3is  but  that  in  Mftf 
cases  it  was  a  definite  aid.    He  reported  73  e*ses  with  what 
best  mie:ht  he  terme u  assorted  disorders  hut  he  <iid  lipolytic 
dotamin  >tions  only  on  27.     lie  stressed  the  point  that  low 
ferment  values  suggest  pjncreatio  disturbance  but  give  no 
light  on  the  nature  of  the  disturbance.    He  also  noted  that 
the  pancrer.,?  may  be  involved  in  disease,  as  by  a  tumor,  and 
yet  reveal  o  normal  enaymie  output. 

In  1922  Deloch  (5£)  reported  finding  soibr  3  noons  tant 
evidence  of  an  involvement  of  the  extoT»n«l  secretion  of  the 
pancreas  in  cases  of  diabetes  mellitus.    He  did  few  tests 
fcr  lipase  because  he  considered  the  methods  too  unreliable. 
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He  note,:  he  found  evidence  nf  a  funot j  one  11  y  cstahlishod 
hypoohylia  of  the  pancreas  in  catarrhal  jaundice  ,  end  an  or- 
ganically established  hypoohylia  In  cholecystitis,  panorea- 
tic  carcinoma,  and  oiabotes  -ellitus.     In  1022  Cyotcku  (96) 
rcporte.  lov   enzynic  values  In  patients  with  typhoid  fever. 
He?/ over,  in  such  a  disease,  the  tost  if ould  hardly  have  any 
di a gnos tic  v  a  lu  e . 

In  the  Bam*  year  Katsch  and  von  Friedreich  (117)  report- 
ed finding  a  lov  value  for  stcapsln  in  ono  of  five  c-sos  of 
diabetes  nellitus.     '-^hey  reported  low  values  in  sever:!  ether 
cases:    aehylia  with  asm  la;  nephritis;  chronic  diarrhea  with 
aehylia ;  pernicious  anemia;  cholecystitis;  add  cholecystitis 
v/ith  aehylia.    Their  method  had  toe  many  shortcomings  to 
make  their  results  of  much  significance. 

In  1923  Lueders,  Bergeim  una  Rehfuss  (132)  reportea  a 
OBtM  of  diabetes  melli  tu  s  -;hich  revealed  no  lipase  on  exami- 
nation of  the  duodenel  contents.    The  rate  a  they  reported 
for  eight  cases  of  cholecystitis  vero  all  loss  than  11  oo. 
of  0,1  N  NaOH  per  cuMc  centimeter  of  auodennl  contents.  That 
value,  as  already  noted,  is  loner  than  ono  should  rensona- 
bly  expect  to  obtain  for  1  ec»  of  duodenal  contenfc  and  is 
probably  Sue  to  the  inadequacy  of  their  method,  because  the 
v.-ork  of  later  investigators  has  indicated  that  a  disturbed 
pancreatine  function  in  cholecystitis  is  the  e reception  end 
not  the  rule.    They  used  no  stimulus  to  pan erratic  secretion 
in  their  det  erminations  and  30  ovon  the  one  case  of  absent 
ferments  v&ich  they  reported  (in  diabetes  nollitus)  cannot 
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be  considered  too  sign if leant.    Sons  years  later  in  1935 

Lueclers  (131)  reporter!  14  or  sen  an*-ly -e;.  by  his  nev;  method 
based  on  the  tine  lew  of  Hedin.     I  have  already  indies  ted 
thr-t  that  is  not  mi  accurate  lipolytic  method  but  since  itg 
shortcomings  apply  alike  in  every  de1.errinr.tion,  the  results 
it  yielc.s  with  different  specimens  can  probably  be  nore 
validly  compared  than  the  results  obt«inec  by  some  other 
methods.     In  five  cases  he  obtained  <   rkadly  subnormal  values 
with  both  specimens  which  he  obtained  after  stimulation.  In 
a  3i?.th  the  one  specimen  analyzed  revealed  markedly  diminished 
activity.    ?he  following  diagnoses  were  giroa  in  these  cases: 
chronic  eczoma  with  £rall  bladder  obstruction;  amebiasis  and 
pre-dir  betes ;  achylia  and  gastric  tumor;  achylic  and  an  old 
growth  with  a  duodenal  fistula;  scurvy  and  pre-diebetes; 
achylic  and  hyperthyroidism,    '-ho  two  cases  with  pre-diabetes 
are  temptingly  explained  on  the  assumption  a  pancreatitis 
v/as  present.    One  of  those  cases  also  bad  MjU'f f  which  re- 
calls to  mind  ^ntin's  (70)  f inc Sng  that  the  lipolytic  activi- 
ty of  the  liver  Wflti  found  closely  correctable  with  its  vi- 
totiin  C  content.    I1  he  two  cr-ses  with  a  tumor  and  that  .ith 
gall-bladder  obstruction  night  be  or^le  i  ne  d  on  the  basis 
of  3ome  obstruction  to  the  p*ncre  tic  ducts.    That  is,  of 
course,  hypothesis  but  one  is  obliged  to  seek  some  exp.'.ana- 
tion  3iaee  he  did  not   3££«T  one.     t  can  devise  no  satisfac- 
tory explanation  for  the  low  lipolytic  activity  of  his  last 
case. 

In  1924   ?eill  reported  a  series  of  cases  with  the  follow- 
ing general  conclusions^.    (1)  in  catarrhal  jaundice  the  pan- 
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ereas  may  or  nay  not  bo  involved;   (2)  the  pflMPe&s  nay  bo 
involved  in  biliary  disease,  especially  cholelithiasis,  in 
hepatic  cirrhosis,  and  in  obscure  dyspeptic  conditions* 

In  the  following  year  ;  ichert  ana  Dmr|«ta  (193)  reported 
the  absence  of  lipase  in  a  QMS  of  pancreatic  carcinoma. 
The y  also  reported  its  absence  in  two  cases  of  cholecystitis, 
one  chronic  an  3  one  purulent. 

In  1926  Chiray,  Lebon  and  Gosim  (34)  noted  several  in- 
teresting points  cone orninsr  tho  duodenal  ccntents.    ^!hey  re- 
marked that  the  classical  methods,  at  least,  do  not  roveal 
any  enzymia  diminution  in  many  oases  of  acute  pancreatitis, 
They  do  not  support  that  contention  witfi  cases,  hovers?.  They 
suggest  that  positive  ferment  findings  in  cases  of  obstructive 
malignancy  may  be  due  to  accessory  ducts  or  to  leakage  about 
the  neo plasm.    They  reported  a  case  of   :ancreatic  cancer  in 
which  the  lipase  was  <3 amonstrable.    2hey  did  not,  ho. /over, 
give  its  nature  or  location.     In  1950  Chiray,  Joanael,  and 
Salmon  (33)  reported  a  case  of  pancreatic  cyst  in  which  the 
lipase  was  abnormally  low.    xhey  noted  having  detected  ensy- 
mio  deficiencies  in  several  conditions  including  pancreatitis 
and  cholecystitis.     In  1939  Chiray  and  Bolgert  (30)  mentioned 
the  conditions  in  which  they  have  found  the  enzymic  lvalues 
low  but  no  not  support  that  with  c^aes.    They  included  cvsts 
and  pseudo-cysts,  cancer,  pancreatitis,  and  pancreatic  cal- 
culi. 

Snaysen  (102,183)  in  his  report  of  1926  ooncludod  that 
the  lipolytic  test  of  the  duodenal  contents  was  of  value  in 
distinguishing  steatorrhea  of  pancreatogenous  origin  as  op- 
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posod  to  other  steatorrheas.  Bs  reaxirtcd  a  s-:*ien  Qdf  cases 
of  sprue  but  ho  the  results  of  lipolytic  tests  in  only 

two  of  the  seriea.     It  mi  IM  in  those  tv/o.    'fwo  years  later 
Thaysen    nd  Norgaard  (184)  ftmy'hnftlwNi  tho  fact  that  normal 
variation  in  tho  Xipoiytio  activity  of  the  duodenal  contents 
was  30  £roat  thct  it     .3  practically  impossible  to  establish 
tho  limits  between  the  normal  and  the  pathological.     In  vievj 
of  that  they  concluded  that  only  the  ladle  or  almost  complete 
lack  of  one  or  store  ferments  could  bo  considered  0  ignif  ioant. 
Unfortunately,  they  did  not  drain  ths  fasting  gastric  juice 
nor  did  they  neutralise  acid  specimens  wfeen  they  ware  obtained. 
In  most  instances,  therefore,  their  remits  are  of  no  value. 
Shay  did  report  one  case    of  pancro: -togenous  steatorrhea  in 
which  the  figure  for  lipase  was  lav  notwithstanding  a  rela- 
tively high  pH. 

In  1931  Hollander  fllO)  reported  22  Cases  with  dimin- 
ished ferments.    Hia  method,  representing  an  application  of 
the  tine  law  of  Hedin,  has  already  been  c?iscnsso3  and  is 
lit 1 3a  more  than   qualitative.    'J hut  may  have  accounted  far 
the  law  values  which  he  reported  in  run 7  conditions  in  which 
low  veins s  are  not  to  be  expected  on  the  basis  of  the  reports 
of  others.    aaoh  are  his  many  cases  of  gallstones,  his  oauea 
of  hope  tic  cirrhosis  and  of  duodenal  ulcer.    Re  did  rrport 
little  or  no  lipolytic  «ction  in  1  case  of    anarc^t  itj  3  with 
cholelithiasis.    One  other  cess,  fcepr tie  cirrhosis  -ith  Jaun- 
dice, showed  practical. ly  no  lipase.     If  we  make  the  assump- 
tion of  the  ei'dstonce  of  a  secondary  pancreatitis  that  result 
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"becomes  reasonable.  Dt!r t'Svisa  t  it  Is  difficult  to  Interpret 
his  finding,    -ho  other  Asms   -11  displayed  a  llpolytla  fiction 
hut  one  he  interpreted  eg  i  iirdnishe-d.    In  VjjM  of  the  lack 
of  £;enr.itivity  of  his  nethcd  th  >a*  results  nuot  ta  viewed 
«lt  I)  dubiety  . 

In  the  sane  ye;..r  CrUbergrits  f'Ja)  arete  that  the  ^nereas 
I  :<<jht      ten  be  involved  in  cases  of  ariolecystitis,  cholangi- 
tis, :nd  cholelithiasis.    He  divided  uiaheties  into  two 
classes:    those  showing  a  simultaneous  involvment  of  the 
external  secretion  and  thono  not*    lie  nctei;  that  the  former 
cluss  included  chiefly  older  d  ia  he  tics  in  .  hom  artorioacle- 
rosie  v:bs  the  etiological  fgent.     It  is  reasonable  thot  that 
ncre  general  condition  could  easily  involve  both  secretions. 
Be  vietved  the  enzymie  en.*  lysis  ol'  the  cuodoiu.l  content  a  as 
poasasaad  of  nore  prognostic  vt-lue  theea  diagnostic,    lie  noted 
that  sscme  of  his  pctients  alio  expaTiatooed  disrrhea  with  too 
RUtih  fat  in  the  d  i  et ,  snored  \  1-.-  a'~r;.:u:  :-.ia  vnt    :'  \i.r  se  in 
their  duodenal  contents  vhen  their  aiotary  fat  sraa  increased. 
In  the  Baste  yo-r  Volodin  f202)  m*  Je  the  sane  essential  divi- 
s ion  of  ui'^ tics  an  a  expressed  the  ide*:-  the-  analysis  of  the 
duodenal  contents  v,»ould  prove  cf  definite  prognostic  value 
in  following  the  course  of  such  di  "be  tics. 

In  1933  Berber  fll}  stressed  the  pTOgnoatlo  valtw  of 
rtuodenel  -.n.  lysis  in  follcvin^-  s  Imov.n  aasc  of  ---.ncre-  tic 
disease  hut  considers  it  of  little  fflagnostia  vnluo  p special- 
ly in  view  of  Ms  experience  of  finding  all  kinds  of  p&nayaa- 
tio  pathological  change a  at  operation  a'iiioh  ensyuic  tests 
had  not  revealed.    He  noted  having  found  low  enzynic  curves 
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in  fire  of  nleven  gnpaj  at  -.xanereatio  necrosis  hut  lipase 
«ai  not  determined.     In  1939  liorgor  sal  ScJinetr:  (15)  reported 
lev  lipolytic  values  in  a  e«so  of  metastatic  involvon-.nt  of 
the  head  of  the    .'-mere  as.    lbs    >c  elusion  of  the  duo  to  in 
th.it  casa  vas  demonstrated  at  autopsy.    HVftfl  cases  of  *li- 
po/iatous  atrophy1   duo  to  stone  injuries  revealed  a  decrease 
in  lipase  as  die1  two  cases  of  veRoreatitis  due  to  cholecys- 
titis vrith  stones,     i  third  case  si  %X«r  to  the  latter  t«0 
tirrtTT  revealed  say  nancrej>tia  deficiency  and  at  operation 
the  pancreas  MUI  found  to  he  normal  in  appe r-rance .    In  other 
cases  the  findings  v/ere  of  little  interest. 

In  1935  Sure  ,  Ki  r  end  3uch: W u  (179)  reported  ft  martod 
diminution  in  the  activity  of   *  ncrontic  lipase  and  esterase 
in  uncomplicated  vitamin  B-l  and  vitamin  13  c duplex  deficiency. 
In  1*59  Sure  and  his  co-uorlcors  (lbO)  concluded  that  only  in 
vitanin  B-l  deficiency  was  there  a  decrease  in  r>*mcreatio 
esterase  and  lipase,     ^'he  decrease  in  the  former  ?'?  i  pore 
marked.    2hsy  eould  establish  no  such  digestive  .isturhance 
in  other  avit^inoses. 

In  a  semi-revie-/  in  1936  Bmv  (25)  stressed  certain 
interesting  points  in  connection  vita  eauceatic  cancer. 
He  remarlcad  tfcat  a' hen  the  head  is  involved  there  la  very 
often  a  disappearance  of  the  msoraatia  foments  in  the  du- 
odenal contents,     Jle  believed  th/.t  obstruction  is  the  chief 
cause  of  that  disappearance  hut  remarked  tTvo  other  possihle 
causes:     tjuPHUlltiiU  of  the  glandular  tiseue  due  to  disease 
and  the  inhibitory  sffedt  upon  the  glandular  secretion  of 
the  chronic  and  progressive  jaundice.    V'hen  the  pancreatic 
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duets  ars  not  obstructed  hy  tho  growth  the  foment,  findings 
nay  he  normal.    Ho  attribute  that  to  tho  large  msgta  of 
reserve  of  tho  oanorer.e  -.'hioh  oan  sroduoo  a  jKTaottoalli  nor- 
nal  soorstion  mm  whom  there  is  o on aider hlo  destruction 
of  oar tain  portion 3  of  its  suhstauoo  as  in  11  i  n  ill  H  an  j 

In  1038  liotz  (112)  pointed  out  th^  valuo  of  on;5?iio 
%9$(%a  of  tho  duodenal  contents  in  dla tinguiahiu,?  sprue  from 
steatorrhea  of  p?inoreatoganoua  origin.    In  tho  fbVMW  disease 
tho  f  ^monts  are  nomal  while  in  the  latter,  rarer  condition 
the  lipase,  jgyf  1 nlly«  is  diminished. 

In  the  same  year  Myera,  ?reo  and  Beans  (148)  reported 
Xoi'i  lipolytic  values  for  seven  of  eight  ftiahafeiag  for 
two  other  eases  diagnose]  respeo Lively  as:     a  rraie ,  chronic 
a'peroatitia;  two  oases  with  low  values  wore  not  6  iaepiosod. 
In  the  discussion  which  follo;vad  the  presentation  of  their 
paper  Dr.  rj?«  R.  ;3rcy..n  not  ad  h  nrlttg  found  an  almost  complete 
:/03ene3  of  foment  3  in  several  of  his  cases  of  soru-.  In 
the  light  of  the   'osulte  he  had  previously  reported,  CS5) 
one  la  tempted  to  •.  uestion  tho  diagnos is.     aero  his  eases 
really  sprue  or  were  they  cases  of  pancreatogenous  steator- 
rhea?   That  contention  is  supported  by  Van  SteoniS*  report 
in  that  tflttfl  fmtge  of  throe  oases  of  troeical  sprue  wit h  nor- 
mol  fo mant  concentrations  (1B5). 

In  1930  Comfort,  Parker  anc  Osterherg  (38)  reported  111 
cases,  17  of  which  were  normal  individuals.    Shay  found  such 
a  wide  soma!  variation  in  on  ay  nio  activity  that  the?  conclud- 
ed only  B  complete  ahsenee  of  onsynos  could  ha  Hi gnostieally 
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significant  and  then  only  when  confirmed  in  repeated  tests. 
However,  they  felt  the  repeated  demonstration  of  low  values 
might  also  he  significant  in  seme  cases.    In  their  31  cases 
of  hepetic  cirrhosis  the  enzymes  were  present  in  normal  concen- 
tration for,  as  they  remark,  there  was  no  reason  to  suspect 
pancreatic  involvement  in  those  patients.    They  found  the 
enzymes  usually  absent  or  vory  low  with  malignancies  of  the 
head  of  the  pancreas  or  of  the  common  duct  or  of  the  ampulla 
of  Vater  which  caused  complete  obstruction.    In  incomplete 
obstruction  a  low  moderate  concentration  was  found.    They  found 
the  range  of  enzymic  concentration  about  as  wide  as  normal 
in  biliary  disease  associated  with  subacute  interstitial 
(edematous)  pancreatitis;  but  they  found  a  marked  tendency 
to  absence  of  the  enzymes  in  chronic  pancreatitis  with  stea- 
torrhea.   In  the  light  of  the  previous  discussion  regarding 
steatorrheas,  their  conclusions  in  that  respect  are  worth 
quoting: 

"In  every  case  (6)  of  nontropical  sprue  in  this  series, 
the  duodenal  contents  contained  enzymes  in  apparently 
adequate  amounts.    The  constant  presence  of  enzymes 
in  these  six  cases  was  in  contrast  with  the  impression 
that  enzymes  are  often  absent  in  nontropical  sprue. 
The  regularity  of  occurrence  of  apparently  adequate 
amounts  of  enzymes  in the  duodenal  contents  of  patients 
with  nontropical  sprue  also  was  in  contrast  with  the 
regularity  of  their  absence  from  the  duodenal  contents 
in  cases  of  chronic  pancreatitis  with  steatorrhea. 
Contrary  to  the  opinions  of  some  investigators,  the 
examination  of  duodenal  contents  for  pancreatic  en- 
zymes may  be  an  important  step  in  the  differentiation 
of  steatorrhea  due  to  chronic  atrophic  pancreatitis 
and  the  steatorrhea  of  sprue,  the  two  most  important 
causes  of  steatorrhea." 

In  1939  Diamond,  Siegel  and  Gall  {53)  reported  the  results 
obtained  in  eight  pathological  cases.    They  stress  the  dis- 
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sociation  ojf  the  enzymes  found  In  their  pathological  oases 
and  the  consequent  need  for  determining  all  three  enzymes. 
In  that  connection,  however,  certain  points  are  of  interest. 
In  six  of  their  eight  oases  the  lipase  was  demonstrably  low. 
In  the  other  two  cases  it  was  normal  hut  in  those  same  two 

cases  the  trypsin  was  normal  in  one  and  less  than  25$  dimi- 
nished over  the  lowest  normal  value  they  report,  in  the  other. 
The  diastase  is  given  as  low  in  both  those  cases  but  in  both 
of  them  it  is  '.veil  less  than  20$  below  the  lowest  report 
normal  value.    In  thB  li^it  of  the  work  of  others  not  much 
significance  can  be  attached  to  such  small  deviations  from 
the  normal.    In  two  of  the  six  cases  in  which  the  lipase 
was  low,  it  was  barely  below  the  lowest  nomal  Unit  but 
in  those  two  cases  the  tests  for  the  other  two  ensymes  were 
normal  save  for  a  low  tryptic  activity  in  one.     I  feel*  there- 
fore, that  these  results  offer  less  convincing  evidence  in 
support  of  the  theory  of  the  dissociation  of  the  enzymes  in 
pathological  conditions  than  they  do  for  the  contention  that 
the  determination  of  lipase  alone  can  offer  us  about  as  much 
information  as  we  can  expect  to  obtain  from  an  enzymio  analy- 
sis of  the  duodenal  contents.    In  their  four  oases  with  mar- 
kedly diminished  lipolytic  activity,  two  were  oases  of  stea- 
torrhea of  long  standing,  one  was  a  case  of  gastric  carci- 
noma with  hepatic  metastasis  and  marked  cachexia  and  the  fourth 
was  an  Instance  of  obstruction  of  the  pancreatic  duct.  In 
1940  Dianond  and  Siegel  (54)  reported  the  results  of  130 
tests  on  104  patients,  24  of  whom  were  normal,     m  this  pa- 
per they  note  that  the  enzymes  appear  to  suffer  first  in  any 
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pancreatic  disturbance,  particularly  the  lipase  and  amylase. 
They  reported  low  lipolytic  values  for  three  patients  with 
pancreatitis  nnd  for  three  with  cancer  of  the  head  of  the 
pancreas.    Their  uncomplicated  eases  of  cholelithiasis  gave 
normal  figures  hut  some  of  their  cases  with  various  compli- 
cations revealed  low  enzymic  concentrat ion3 ,  suggesting  some 
measure  of  pancreatic  involvement,  a  contention  further  sup- 
ported in  two  oases  by  the  presence  of  diabetes.    Two  cases 
of  cancer,  one  involving  the  common  duct  and  one  the  hepatic 
ducts  gave  noma!  lipolytic  values.    In  three  cases  of  pan- 
creatic cyst  the  enzymic  tests  in  one  revealed  marked  inter- 
ference with  function  and  the  other  two  but  little.  One 
case  of  splenomegaly  with  secondary  anemia  showed  a  diminished 
lipase.    The  cause  there  is  not  apparent  unless  one  assumes 
the  relative  anoxemia  caused  a  diminution  of  all  bodily 
functions.    An  autopsied  case  of  acute  yellow  atrophy  of 
the  liver  (lues)  revealed  a  marked  diminution  of  the  enzymes. 
In  their  15  cases  of  steatorrhea  10  showed  enzymic  deficiency, 
especially  of  the  lipase  and  5  were  normal.  On  that  basis  they 
would  divide  steatorrhea  into  two  types:    that  with  pancrea- 
tic insufficiency  and  that  with  no  pancreatic  involvement. 
They  erroneously  considered  all  their  cases  as  sprue.    Of  four 
diabetics,  one  revealed  a  low  lipolytic  activity.    Two  oases 
with  marked  hepatic  cirrhosis  displayed  a  depressed  enzymic 
activity.    They  conclude^  that  in  severe  hepatic  disease  the 
pancreas  is  often  involved.    The  reports  of  others,  however, 
would  suggest  that  that  is  more  apt  to  be  the  exception  than 

the  rule. 
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In  1939  Dubois-Ferriere  (58)  reported  a  case  of  long 
standing  ste^rrhea  in  whoa  the  lipolytic  action  was  marked- 
ly diminished.    At  autopsy  the  psmcreas  was  found  to  be 
large  and  Ohe  ^cini  completely  replaced  by  fat.    The  liver 
was  smb 11  and  cirrhotic  and  showed  fatty  infiltration. 

In  the  same  year  LSgerlof  wrote:  (124)    "'Che  enzyme 
production  is  the  first  to  suffer  when  the  pancreas  is  damaged." 
He  also  notes  that  the  enzymic  output  is  depressed  111  tin 
acute  stage  of  pancreatitis  hut  returns  to  noimal  in  con- 
valescence.   He  declared  that  a  diminution  in  the  enzymes 
is  to  he  found  in  pancreatic  stone  and  pancreatic  cancer  and 
in  steatorrhea  of  pancreatic  origin.    He  stressed  the  value 
of  the  enzymic  test  in  distinguishing  pan  ere otogenous  stea- 
torrhea from  that  due  to  other  causes. 

In  1939  Rauch,  Litvak  and  Steiner  (159)  in  reporting 
two  cases  of  congenital  familial  steatorrhea  with  fibromato- 
sis of  the  pancreas  (one  proven  at  autopsy)  reviewed  the 
earlier  work  in  that  disease  and  stressed  a  division  of 
steatorrhea  into  idiopathic  and  pancreatogenous.    The  first 
class  would  include  both  types  of  sprue,  and  ooaliao  dis- 
ease,    ^hey  perfoiraed  no  enzymic  test  in  their  two  cases 
but  it  is  a  safe  prediction  that  had  they  done  so  they  would 
have  found  little  or  no  lipase* 

From  this  review  of  reported  cases  in  which  a  diminu- 
tion of  the  lipolytic  activity  of  the  duodenal  contents  was 
demonstrated  we  can  draw  the  following  general  conclusions 
as  to  the  value  of  this  enzymic  test: 
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fl)  the  most  clear-out  diagnostic  value  of  ?.n  ensymic  analy- 
sis of  the  duodenal  contents  would  appear  to  lie  in  distingui- 
shing pancreatogenous  steatorrhea  from  steatorrhea  of  other 
types.    This  view  he 3  "been  supported  "by  the  work  of  Bondi 
and  Salomon  (23),  Thaysen  (182,183),  Thaysen  and  Norgaard 
(184),  Hctz  (112),  Comfort,  Parker  and  Osterberg  (38), 
Diamond,  Siegel  and  Gall  (53),  Diamond  and  Siegel  (54), 
Dubois-Ferriere  (58),  LSgerlof  (124),  and  Rauoh,  Litvak, 
and  Steiner  (159). 

(2)  lipase  will  "be  found  absent  or  in  low  concentration  in 
chronic  pancreatitis  and  in  the  period  of  exacerbation  in 
acute  pancreatitis.    There  are  exceptions  to  that  general 
principle,  however.    This  conclusion  is  supported  by  the 
work  of  many  investigators:    Einhorn  (66),  Chaoe  and  Myers 
(28),  Crohn  (40),  Gang  and  Klein  (80),  Hollander  (110), 
Shiray,  Lebon  and  Gosslan  (31,32,34),  Berger  (13.),  Berger  and 
Schnets  (15),  Myers,  Free  and  Beams  (148),  Comfort,  Parker, 
and  Osterberg  (38),  Diamond  and  Siegel  (54),  and  LSgerlof 
(124). 

(3)  malignancies  involving  the  pancreas  directly  or  indirect- 
ly via  metastasis  will  give  results  depending  upon  the  loca- 
tion of  the  neoplasm.    Involvement  of  the  head    f  the  pan- 
creas, of  the  common  duct  or  of  t&e  ampulla  of  Vater  will 
tent   in  time  to  give  diminished  or  absent  lipolytic  activi- 
ty.   This  conclusion  is  supported  by  the  work  of  Crohn  (42), 
Adler  (1),  Gang  and  Klein  (80),  Deloeh  (52),  Lueders  (131), 
Berger  (11),  and  Berger  and  Schnetz  (15),  Comfort,  Parker, 

and  Osterberg  (38),  Diamond  and  Siegel  (54),  ana  Lflgerlof  (124). 
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\<,  ;  p  icrojitic  calculi  and  pancreatic  cysts  may  reveal  a 
low  or  absent  lipolytic  activity  depending  upon  the  extent 
of  obstruction  they  cause  and  the  extent  to  ivhich  they  lead 
to  destruction  of  the  acinar  tissue.     This  eoenclusion  is 
indicated  by  the  reports  of:    Chiray,  Jeandsl  and  Salmon 
(33),  Diamond  and  Slegel  (54),  and  Lagerlof /124 ). 

(5)  in  diabetes  mellitus  involvement  of  the  external  secre- 
tion as  revealed  by  low  enzymic  values  may  or  may  not 
found.    '7his  view  is  supported  by  the  findings  of  v/olodin 
(202),  Guborgritz  (94,95),  Beloch  (52),  Lueders  (131), 
Lueaers,  Bergeim  and  Rehfusa  (131),  Myers,  ?ree  and  Beams 
(148),  and  diamond  and  Siegel  (54). 

(6)  in  cholelithiasis  and  other  involvements  of  the  biliary 
tract  on©  may  or  may  not  find  evidence  of  a  secondary  in- 
volvement of'  the  pancreas.     In  general  that  secondary  in- 
volvement is  probably  not  frequent*     .  e  find  support  for 
this  in  the  work  of  Bond!  (22),  Adler  (1),  Deloch  (52), 
Hollander  (110),  Guber^ritz  (94,95),    and  J>ianond  andSie- 
gel  (54). 

(7)  hepatic  disease,  particularly  cirrhosis,  is  not  apt  to 
be  attended  by  a  diminished  output  of  nancreatic  enzymes 
although  in  the  exceptional  case  it  map  be.  Hollander 
(110),  and  Comfort,  Parker  and  Osterberg  (38)  found  the  en- 
zymes normal  in  hepatic  cirrhosis,  oiid  and  Siegol  (54) 
occasionally  found  them  suppressed. 

(8)  evidence  of  a  depressed  enzymic  output  may  be  encountered 
in  other  conditions  in  which,  however,  the  enzymic  analysis 
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I     &     -nodenal  contents  would  not  have  much  diagnostic 
value . 

In  192.1  Isaac-Krieger  (113)  succinctly  passed  Judgment 
on  the  riiagnostio  value  of  enzymie  analyses  of  the  duodenal 
contents  and  his  conclusions  are  valid  today:    evidence  of 
a  depressed  enzymic  activity  of  the  (uodenal  contents  be- 
speaks pmcreatie  disease  "but  gives  no  clue  as  to  the  nature 
of  the  n is ease.    The  presence  of  a  normal  en^yriic  coiuk..^r  .- 
tion  does  not  preclude  pancreatic  disease*    £his  analytical 
root  hod  is,  at  present,  the  be3t  available  to  us  for  examin- 
ing the  external  secretion  of  the  pancreas. 


60. 


ANALYTIC/iL  MWl 

this  study  was  initiated  I  considered  all  the 
publibheu  methods  of  lipolytic  omalysis  and  in  the  light 
of  objections  already  raised  to  the  common  rue-hods,  chose 
that  of  Herafeld  {105)  as  the  one  which  would  he  most  con- 
venient clinically  and  at  the  same  t  itae  yield  dependable 
results.     2l»  amount  a  of  reagents  which  his  method  required 
were  too  SBicill  for  macro  determination s  and  they  were  ac- 
cordingly all  multiplied  by  a  factor  of  five  without  chang- 
ing their  concentrations.    2his  was  done  to  permit  making  the 
analysis  with  the  Ifrelyn  colorimeter  e.hieh  offered  the  two- 
fold advantage  of  rapid  analysis  and  objective  analysis.  The 
rapidity  of  analysis  was  a  distinct  advantage  (I  have  already 
discussed  the  effect  upon  the  results  of  varying  the  time 
during  which  an  enzyme  is  alloneu  to  act  upon  the  substrate) 
for  it  was  later  found  it  took  about  e ■  long  to  read  the  tubes 
as  it  did  to  fill  them  and  variations  in  the  time  the  enzyme 
was  al lowed  to  act  in  the  different  tubes  was  thus  he  la  Hi 
a  minimum.    The  tributyrin  emulsions  prepared  according  to 
Herzfeld's  directions  with  the  five-fold  increase  mentioned, 
were  unstable  and  even  after  but  one  hour's  standing  the 
controls  failed  to  give  constant  readings  when  determined 
turbidiiie  trie  ally  in  the  colorimeter*    Since  I  thought  the 
emulsion  might  be  stabilized  by  increasing  the  concentration 
of  gum  arabic  ^hieh  he  employed  as  a  protective  colic  id, 
several  different  concentrations  of  the  gum  were  tried  but 
fa  lie  I  to  yield  a  stable  emulsion.    Even  putting  his  emulsion 
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fold?  time  a  through  a  hmd  homo;;sni2er,  with  or  without  the 
required  amount  of  alcohol,  faileu  to  render  it  stable. 
•Then  the  logarithms  of  varying  o oucen trations  of  this  emul- 
sion wero  plotted  Hi  gat  Mat  their  readings  in  the  colorimeter, 
a  straight  Xine  graph  was  obtained;  hut  when  these  same  con- 
centrations of  emulsion  were  once  a^ain  read  in  the  colori- 
meter after  one  hour* 8  starring,  the  loeus  of  the  line  was- 
not  the  same.     I  concluded  that  Herzfelt  ' s  method  wcul  .1  mot 
"be  suitable  far  macro  determination  unless  a  stable  tri"bu- 
tyrin  emulsion  could  he  prepared  and  mm  which  would  he  re- 
jroducihle. 

Attempts  were  made  with  ibur  emulsifying  agents  in  one 
and  two  percent  cone  titration  to  produce  a  stable  one  per- 
cent trihutyrin  emulsion.    They  included  tri-ethanol -amine 
stearate  and  throe  PuPa&t  products:    Modinal  BS,  Alkanol  3, 
and  i^uponol  MS.    One  ond  two  groans  of  each  detergent  were 
respectively  dissolved  in  two,  one  hundred  co. ,  volumetric 
flasks  approx  \m  toly  two-thirds  filled  with  distilled  wat  r. 
One  co.  of  trihutyrin  was  added  to  each  of  the  resulting 
eight  flasks,  thus  yielding  an  approximately  one  percent 
solution  of  trihutyrin  hy  weight,  aftor  all  the  flasks  had 
"been  diluted  to  volume.    She  flasks  were  vigorously  shaken 
and  the  contents  were  each  put  four  tires  through  a  hom- 
ogeniser.    She  emulsion  ohtainod  with  Alkanol  3*  was  the  only 
one  found  to  he  stable  after  forty -eight  hours  standing.  7he 

*DuPont  reports  Alkanol  3  represents  alkyl  naphthalene  sodium 
sulfbnato. 
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ruts!  on  with  a  final  concentration  of  1$  Alkanol  3  was  as 
stable  as  that  with  Sjf  so  the  former  cone  antra  1;  ion  was  used. 

SBSi  emulsion  used  for  the  lipolytic  dctorainati ens  is 
3re pared  as  follows:    20.0  gias.  of  Alkanol  3  are  weighed 
out  and  d  is  solved  in  a  tv.o  lit  or  volumetric  flask  about  2/3 
fillofi  vlth  disti?-led  water.    The  shaking  must  he  gentle  as 
the  Alknnol  3  is  being  dissolved  for  otherwise  on  excessive 
rmount  of  froth  r  3  suits*    Twenty  a  a.  of  trihut  rin  arc  t.'nn 
added  with  a  pipette  anil  the  mixture  f;il\rted  to  volume.  Jhe 
nrrmlttBg  ooarse  emulsion  obtained  on  shaking  is  twice  put 
through  a  homogeniser.    Putting:  the  emulsion  more  thftn  twice 
through  the  homcgenizer  was  jflbund  not  to  affect  its  stabili- 
ty or  the  turbidi  metric  readings  which  varying  amounts  of 
emulsion  in  a  total  volume  of  10  cc  yielded  in  the  colori- 
meter.   This  emulsica  was  found  to  reriain  perfectly  3tahle 
for  at  least  one  month  if  kept  in  the  ice-box.    BttBfh  new 
lot  of  eaulsion  was  cheeked  in  the  colorize t  r  by  the  fol- 
lowing rxrooeJiure:    six  "^elyn  tubes  are  sot  up  and  reagent 3 
added,  as  summarized  in  the  t  able  belw,  to  yielu  in  each 
instable e  a  f  5nal  volume  of  10  oc. 

TAWZ  I. 

otf«  of  emulsion    oo.  of  water  oc,  of  ly&IaBOOft    typical  Readings  * 

0  5  5  IflgJ 

2  3  5  Hp 

3  2  5  7 

4  15  £  * 

5  0  5  5° 

*The  strie rscript a  indicate  as  usual  quarter  readings. 
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The  first  tube  in  the  above  table  in  all  determinations  served 
as  a  "blank1  and  was  always  set  at  100*    The  central  setting 
was  then  determined  and  used  as  usual  for  the  reference  point 
throughout  the  analysis*    The  readings  for  the  above  standard 
tubes  were  found  to  be  the  same  v&ether  the  diluent  was  water 
or  sodium  bicarbonate.    The  turbid ime trie  readings  for  dif- 
ferent lots  of  emulsion  prepared  in  the  manner  above  de- 
scribed will  be  found  to  vary  by  not  more  than  one  quarter 
of  a  unit  from  the  values  noted  In  the  preceding  table. 
When  the  logarithms  of  the  concentrations  of  emulsion  are 
plotted  r  gainst  the  readings  obtained  on  the  colorimeter, 
the  resulting  curve  is  regular  and  can  be  reproduced  with 
different  sets  of  standards  but  it  is  not  a  straight  line* 
as  may  be  seen  from  the  accompanying  graph*    This  is  hardly 
a  serious  disadvantage  since  the  graph,  in  any  case,  can 
be    uplicated  with  each  new  lot  of  emulsion*    It  is  unfor- 
tunate the  first  portion  of  the  curve  has  such  a  steep  slope 
but  since  most  of  the  readings  used  for  calculation  do  not 
fall  on  that  portion  of  the  curve,  the  error  involved  in 
interpolation  is  not  as  great  as  might  seem  at  first  glaice. 
For  the  purposes  of  interpolation  a  large-scale  graph  was 
plotted  with  the  ordinate s  representing  the  percentage  of 
tributyrin  digested  tnd  the  abscissae  the  turbid ime  trie  read- 
ings* 

Bach  lipolytic  analysis  involved  setting  up  five  serial 
dilutions  in  duplicate  and  was  done  as  follows: 
Tube  (1)  receives  four  cc.  of  1.25$  NaHCOg  and  1  cc*  of  du- 
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odenal  contents*  (All  measurements  ere  made  with  pipettes). 
Tube  (2)  receives  four  and  one-half  oo*  of  1.125$  NaHCOg  and 
one  -half  cc.  duodenal  contents* 

Tube  (3)  receives  nine  and  one-half  oo*  of  1.06$  NaHCOg  and 
one -half  oc.  of  duodenal  contents* 

Tube  (4)  receives  five  cc*  of  1.00$  NaHCOg  and  five  oc.  from 
tube  (3). 

Tube  (5)  receives  five  oc  of  1.00$  HaHCOg  and  five  oo.  from 
tube  (4)  and  after  thorough  mixing  five  oc.  from  tube  (5) 
are  then  discardea. 

In  rare  instance's  a  sixth  tube  will  be  necessary  and  with 
experience  one  can  predict  that  by  noting  the  speed  of  di- 
gestion in  the  first  tubes  of  the  series  during  the  first 
two  or  three  minutes  after  adding  the  substrate. 

This  procedure  was  modified  later  because  it  was  felt 
one  cc  of  a  viscous  fluid  could  be  pipetted  more  accurately 
than  half  a  cc    By  this  modification  tube  (2)  receives  nine 
oo.  of  1.11$  NaHCOof  and  one  cc  of  duodenal  contents.  After 
thorou^i  mixing  five  cc  is  transferred  to  tube  (3)  which 
already  contains  five  cc  of  1.00$  HaHCO^.    The  rest  of  the 
procedure  is  the  same  as  above  described.    To  each  of  the 
10  tubes  (rarely  twelve),  representing  five  different  enzymie 
concentrations  done  in  duplicate,  are  then  added  five  eo. 
of  the  tributyrin  emulsion,  as  obtained  from  the  ice-box* 
Adding  the  emulsion  cold  will  not  inhibit  the  lipase  for 
Balls  and  Tucker  (7)  have  shown  that  lipase  is  effective 
even  in  a  frozen  system.    Balls,  Matlack  and  Tucker  (6) 
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have  shown  the  hydrolysis  of  the  lower  glycerides  is  not 
much  dependent  upon  temperature.     In  any  ease  the  tubes  will 
bo  placed  in  the  water  bath  for  over  an  hour  at  40°  C.  and, 
as  I  shell  show  presently,  that  is  the  period  of  greatest 
digestion.    Since  time  is  an  important  factor,  the  emulsion 
is  added  to  each  pair  of  duplicates  before  being  added  to 
the  next  higher  serial  dilution.    She  tubes  are  then  well- 
stoppered,  vigorously  shaken,  and  incubated  in  a  water  bath 
at  40°  C.  for  two  hours.    She  time  interval  is  considered 
to  begin  the  moment  the  emulsion  is  addeu  to  the  first  tube. 
A  few  minutes  before  the  expiration  of  the  two  hours,  the 
tubes  are  removed  from  the  bath,  wiped  dry,  and  placed  in 
racks  beside  the  color ineter,  so  their  reading  may  be  begun 
the  moment  the  two  hours  is  enOed*    The  tubes  should  be  read 
in  the  same  order  in  which  they  were  filled  for  within  a 
minute  or  two  it  takes  as  long  to  read  them  in  the  colorime- 
ter as  to  add  the  emulsion  to  them.    That  assures  very  nearly 
identical  treatment  for  each  tube. 

Filter  #565*  was  used  for  all  deteminations  as  it  was 
felt  that  would  help  to  minimize  the  absorption  of  light  by 
varying  amounts  of  bile  present  in  almost  all  the  specimens 
analyzed.  It  also  helps  to  minimize  the  color  contributed 
by  the  emulsifying  ^agent  which  has  a  yellow-green  tingo.  An 
idea  of  the  amount  of  bile  present  in  each  specimen  was  ob- 
tained by  reading  separately  in  the  colorimeter  a  tube  con- 


*According  to  the  manufacturer  this  figure  is  the  mean  in 
millimicrons  of  this  filter1  s  range  of  maximum  transmission. 
Ninety-five  percent  of  the  light  it  transmits  lie3  in  the 
range  from  550  to  580  millimicrons. 
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taining  one  ec.  of  the  specimen  diluted  to  ten  cc«,  The 
effect  of  the  color  contribute^  by  the  bile  uould,  of  course, 
be  diminished  in  the  higher  serial  dilutions  to  an  almost 
negligible  value.    2?he  error  due  to  varying  amounts  of  bile 
was  considered  small  since  most  ncrmal  specimens  gave  com- 
plete digestion  at  least  as  far  as  tte  second  serial  dilu- 
tion.   In  clinical  use  one  may  .veil  dispense  with  reading 
the  tube  just  mentioned  for  the  results  indicate  it  yields 
no  useful  information  which  a  note  on  the  gross  appearance 
and  color  the  specimen  would  not  feive^ 

Digestion  in  the  first  tube  of  the  aeries  is  noimally 
very  rapid,  as  adjudged  by  c  3a  rif  if  cation  of  the  tube's  eon- 
tents,  and  is  usually  complete  within  one  to  two  minutes 
after  the  emulsion  has  been  adde  *•     .ith  many  specimens  that 
rapid  clarification  may  be  noted  in  the  second  and  even 
third  tubes  of  the  series.     Several  investigators  have  shewn 
that  digestion  by  pancreatic  lipase  is  very  rapid  during  the 
first  hour  but  falls  off  markedly  thereafter.    Einhorn  (61), 
Bond!  (21),  Garnet  and  25auban  (27),  itoroine  (lil),  Uill- 
stStter,  Y/aldschmid  t-Leitz,  and  Meuaaen  (200,201),  Her zf eld 
(105),  end  ?4oClure,  Vetmore  and  Reynolds  (136)  have  all  con- 
sidered an  hour's  digestion  adequate  and  Rona  (162)  has  in- 
dicated that  a  short  period  of  digestion  has  the  advantage 
of  eliminating  the  danger  of  tectorial  action.    In  my  proce- 
dure the  tubes  were  incubated  for  two  hours  because  prelimi- 
nary work  indicated  that  the  color ime trie  readings  of  some 
of  the  tubes  were  shifting  too  rapidly  at  the  en  a  of  the  first 
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hour  for  aoauratc  d e torn inz_ t ion t  a  difficulty  not  encountered 
at  the  end  of  the  second  hour, 
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selection  op  nwnmss^  simm 

As  Goldstein  (85),  Chiray  aad  Bolgert  (30),  and  Leub- 
ner  (126)  have  emphasized,  to  get  any  true  picture  of  the 
functional  cap;  city  of  t  ©  digestive  gLands  we  must  test 
their  ability  to  respond  to  stimulation.    The  validity  of 
this  view  has  long  "been  recognized  in  gastric  analysis  which 
may  he  considered  an  analogous  determine tion  (103) •  Many 
pancre  tic  stimulants  have  been  employed  in  studies  of  the 
enzymlc  concentrations  of  the  duodenal  contents*    /j*iong  them 
are  oil.  employed  by  Barter  (10),  Demade  and  de  Grailly 
(47),  BJelenky  (16),  and  others;  ether  by  Katsch  and  von 
Friedreich  (117),  and  Deloch  (52);  various  parasympathetic 
stimulants  such  as  mecholyl;  various  foods  by  IfeClure,  VJet- 
more  and  Reynolds  (136)  and  others;  and  yet  additional  sti- 
muli whose  use  and  Justification  are  too  United  to  consider 
here.    The  two  sti  ruli  which  have  most  often  been  used  are 
secretin  and  hydrochloric  acid.    Secretin  h?;s  been  employed 
by  £gren,  Lflgerlof  and  Berglund  (2),  Chiray,  Lebon  and  Goz- 
lan  (31,32,34),  Diamond  and  Sle  ;ol  (54),  von  Looffler  (130) 
and  others.    Many  workers  have  found  hydrochloric  acid  a 
satisfactory  stimulant:    Bondi  (21),  Deloch  (52),  Dolinsky 
(56),  Einhora  (67),  Gubergritz  (94),  Hess  (106),  Leuthardt 
(127),  Meyner  (145),  Ysyutochkin  and  Drobintzeva  (186), 
BJelenky  (16)  and  others.    In  considering  the  available  sti- 
muli ether  was  rejected  because  unphy3i ©logical  and  because 
Deloch  (52)  hai  shown  that  it  is  an  uncertain  stimulant  end 
can  give  undesir  ble  side  reactions  in  the  patient.  Oil 
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wag  rejected  because  of  the  uncertain  factors  involved  in 
using  as  ■  stimulant  a  substrate  for  the  ensyme  for  which  I 
was  testing  and  because  Nothmann  aid  Vendt  (149)  have  shown 
that  fat  is  normally  allowed  to  pass  the  pylorus  only  in 
small  driblets*    That  suggests  that  such  large  amounts  of 
fat  as  have  been  employed  as  a  stimulant  are  not  normally 
present  in  tbs  duodenum  at  any  given  time.    Foods  are  unsatis- 
factory stimulants  because  of  their  uncertain  composition 
and  the  varying  degree  to  vjhich  they  v/ould  dilute  the  duode- 
nal contents.    With  such  stimulants  it  would  be  difficult  to 
obtain  clear  speciinens*    Mecholyl  is  a  strong  parasympathe- 
tic stimulant  and  in  confirmation  of  the  theory  of  Mellanby 
(140),  it  has  been  shown  by  Anrep,  Lush  and  Palmer  (4), 
Comfort  (37),  diamond  md  Siegel  (54),  Ivy  (115)  and  others 
that  the  enzymic  output  of  the  pancreas  is  largely  tinder  the 
control  of  the  vagus«    Albeit ,  such  a  stimulant  is  not 
physiological.    Secretin  would  appear  to  be  the  stimulant 
of  choice,  analogous  to  the  use  of  histamine  in  gastric  ana- 
lysis, but  at  the  time  of  this  work  it  \?a3  espsisive  and 
extremeV  difficult  to  secure,     ^ts  use,  therefore,  had  to 
be  foregone  for  practical  considerations. 

Hydrochloric  acid,  as  the  best  available  stimulant, 
offers  distinct  advantages:     it  is  cheap  and  readily  avail- 
able in  pure  form;  it  is  the  normal  physiological  stinulant 
for  causing  the  production  of  secretin  v  hen  it  comes  into 
contact  with  the  duodenal  mucosa.    Much  of  the  work  establish- 
ing that  point  may  be  found  reviewed  by  Ghiray,  Lebon,  and 
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Go;Oan  (31,52),  "by  Delooh  (52)  t nd  "by  Still  (177).  M 
have  objected  to  the  use  of  hydrochloric  acid  as  a  stimu- 
lant, tjciong  them  Burger  (12),  and  MoClure,  Y.'etmoro  and  Rey- 
nolSs  (136 )*  ;aid  Chiray,  Lebon  and  Goclan  (31,22);  but  the 
concensus  would  indicate  that  it  is  as  good  a  stimulant  as 
any  when  secretin  is  not  available.     I  might  add  that,  the 
latter  authors  in  concluding  that  food  was  more  significant 
tban  the  acid  as  a  pancreatic  stimulant  did  not  exclude  the 
effeots  of  the  hydrochloric  acid  which  the  food  tlwy  adminis- 
tered to  their  patients  must  have  called  forth  from  the  gas- 
tric glands.    Accordingly,  twenty  oo.  of  N/10  HCl  wa3  em- 
ployed ao  a  stimulant,  in  this  study.     It  has  been  recognized 
that  the  mere  presence  of  the  tube  in  the  duodenum  causes  some 
stimulation  of  the  digestive  glands.    ?his  has  been  reported 
by  Berger  (11,13,14),  Deloch  (52),  Owles  (152),  Comfort, 
Parker  and  Osterborg  (38)  and  others.    This  liis  been  denied 
by  Demado  and  de  Grailly  (46).    3ergor  (15)  hts  shoi.n  that 
its  effect  in  any  case  does  not  last  very  long.    This  point 
must  be  born  in  mind,  however,  for  it  has  boon  shown  that 
the  first  result  of  stimulation  of  the  pancreas  is  a  washing 
out  of  pre-formed  en  cymes  in  the  duct3  of  the  gland  into  the 
duodenum,  a  view  expressed  by  Fgren,  Lagerlof  and  UergLund 
(2),  Comfort  (37),  Diamond  ana  Siegel  (54),  Voegtlin,  -reen- 
gard  and   Ivy  (138).    The  affects  of  stimulating  the  pancreas 
have  been  3ho\m  to  persist  for  at  least  fifteen  minutes  by 
Chiray,  Salmon  and  Mercier  (36),  Holsti  (111),  Voegtlin, 
Greongard  and  Ivy  (188)  and  others*    .Accordingly,  I  made  th» 
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arbitrary  choice  of  fifteen  minutes  as  the  time  after  the 
administration  of  the  hydrochloric  acid  at  vhich  to  take  a 
specimen  of  the  duodenal  contents  for  analysis. 

A  pertinent  consideration  is  whether  or  not  we  should 
gain  more  information  by  the  analyses  of  m  oiy  samples  ob- 
tained at  different  tine  intervals  aftyr  stimulation  of  the 
oancreas*     Such  a  procedure  Ina  been  strongly  advocated  "by 
several  workers*    i-mong  then  are  Borger,  Hartmann  and  Leub- 
nor  (13,14),  Sgren,  LSgerlof  end  Berglund  (2),  Chiray,  Lehon 
and  Gozlan  (31,32,34),  Comfort  (37),  Diamond,  r;iegel  and 
Gall  (53),  Priedenvmld  and  Sindlbr  (73),  Gubergrits  (S4,95) 
and  Lueders  (131).    Such  a  procedure  is  bound  to  yield  us 
more  information  concerning  sons  aspects  of  pancreatic  se- 
cretion such  as  volui.ie  and  the  length  of  tine  the  gland  is 
able  to  shctv  an  tmgnented  output  after  stimulation.  However, 
it  has  not  yet  bean  demonstrated  that  this  procedure  can 
offer  any  "more  significant  infomation  in  tenting  for  one 
enzyme.     To  make  the  fracti canal  method  of  analysis  really 
significant  ??e  should  have  to  carry  out  the  extensive  pro- 
cedure necessary  to  recover  the  secretions  quantitatively. 
Sven  then  we  should  be  v?orking  with  specimens  made  up  of 
four  different  secret! ons  and  would  hive  no  ?<?ay  of  knew  ins  what 
fractions  each  contributed  of  the  total  specimen.    For  the 
present  we  may  say  that  the  diagnostic  applicability  of  the 
fractional  mothod  of  ensymic  analysis  of  the  duodenal  con- 
tents regains  to  be  shavn.    Of  course,  as  already  noted, 
absent  or  diminished  lipolytic  activity  can  be  viewed  as  sig- 
nificant only  ??hen  demonstrated  in  repeated  tests. 
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IB!!®  OF  Q&fiUUXSB  SF8CIMBJI 

The  method  of  intubating  the  duodenum  has  become  too 
Bell  known  to  warrent  its  discussion  here.    Excellent  de- 
scriptions may  be  had  by  cons  ultimo  appropriate  text  3  or  ljy 
referring  to  such  original  papers  as  those  by  Adler  (1), 
Berger  (28),  Owles  (152),  find  Bond!  (22).    In  all  cases  in 
this  series  the  fasting  gastric  specimens  were  removed  be- 
fore the  tube  was  allowed  to  pass  through  the  pylorus  into 
the  duodenum,    The  need  for  that  procedure  has  been  recognized 
by  a  number  of  investigators:    Priedenwald  and  Sindler  (75), 
Qhace  and  Myers  (28),  Comfort  (37),  Deloch  (62),  and  Diamond 
and  Siegel  (54)  and  others,     .ith  that  precaution  practi- 
cally all  specimens  obtained  were  found  to  be  neutral  or 
alkaline  to  litmus.    Spencer  (174)  reported  that  some  speci- 
mens may  be  sufficiently  alkaline  to  react  alkaline  to  phe- 
nolphtbalein  but  tinhorn  reported  (67)  never  having  found 
such  a  specimen  in  his  long  series  of  cases.    Those  who 
have  reporter  the  specimens  as  acid  usually  did  not  take 
the  precaution  to  remove  the  gastric  juice  -  Bondi  (22), 
Gross  (  92),  Crohn  (41),  T hays  en  and  Nargaard  (184)  and 
others.    The  latter  authors  th ems elves  noted  that  the  acid- 
ity was  due  to  varying  amounts  of  acid  gastric  secretion 
being  ejected  into  the  duodenum  from  the  stomach.    In  gener- 
al, bowevor,  the  usual  experience  may  be  summarized  by  a 
quotation  from  Voegtlin,  Greengard  and  Ivy  (188): 

"Immediately  upon  passing  the  pylorus,  the  tube  began 
to  deliver  an  alkaline  fluid   (litmus  paper  test  used), 
which  was  transparent  and  nearly  always  tinged  v  ith 
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bile.     In  only  two  instances  out  of  the  series  of  22 

human  subjects  was  this  control  drainage  entirely  free 
of  bile.    In  nearly  every  case  uuring  the  collection 

of  control  samples  the  drainage  became  feurbio  e  nd  acid 
in  reaction  for  short  invervals.    We  interpret  this 

reaction  as  being  due  to  an  opening  of  the  pylorus 
and  the  admission  of  stomach  content:.;  into  the  duo- 
denum,   Upon  alkt.linization  of  these  samples  they  ra- 
pidly became  clear  and  resembled  the  other  control  sam- 
ples.   They  were  rejected  for  enzyne  analysis,  however, 
because  of  the  unknown  factor  of  dilution  by  gastric 
contents  -..hich  h?d  been  introduced.    It  Is  pro  br.  hie 
that  if  the  stomach  had  been  constantly  drained  during 
the  experiment  this  reaction  would  not  have  occurred 

Others  br,ve  recocted  for  analysis  any  acid  specimens  not  only 
because  of  the  dilution  factor  but  because  of  the  suscepti- 
bility of  lipase  to  destruction  by  acid  -  He£:s  (106,107), 
and  £dler  (1).     The  work  of  Waldsohnid  t-Leitz  and  SchSffner 
(190)  made  abundantly  clear  the  aestructivo  effect  of  acid. 
In  my  own  scries  b cid  specimens  wore  rejected  and  collection 
continued  until  c  alt  OF,  neutral  or  alkaline  specimen  (lit- 
mus) was  obtained.    That  problem,  however,  was  rarely  encoun- 
tered.   The  gross  appearance  of  the  fluid  obtained  from  the 
duodenum  has  been  well  described  by  many  works's  in  the  field 
and  with  almost  o  mplete  agreement.    Boas  (17)  early  ji.oted 
the  secretion  wag  neutral  or  weakly  alkaline,    tinhorn  (60-62) 
confiimed  that  and  reported  only  isolated  cases  in  which  the 
secretion  was  acid.    He  summarized  his  experience  as  follows: 

"If  the  capsule  is  in  the  ciuo  den  urn  a  clear,  golden  yel- 
low or  watery  liquid  of  alkaline  reaction  and  somewhat 
viscid  consistency  is  generally  obtained." 

He  remarked  an  occasional  case  in  which  the  fluid  was  not 

bile-stained,  08  experience  confirmed  ky  Friedman  (7C)t 

Voegtlin,  Greengard  and  Ivy  (188)  et  al.    Such  a  specimen 

was  occasionally  encountered  in  this  series.    This  general 
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picture  of  the  duodenal  specimen  has  been  confirmed  by 
Bondi  (21,22)  t  Fried  enwald  J<na  Sindler  (75),  Simmer  (204) 
?:nd  others. 
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EVALt&TI  M  OF  MT,TKOD 

It  is  pertinent  to  consider  briefly  the  extent  to  which 
the  r  <>thofi  a£  this  paper  satisfactorily  fteets  the  criteria 
earlier  set  up  for  j  n  accurate  and  adequate  clinical  nethod 
of  lipolytic  analysis.    The  ITaHCOg  is  present  In  every  tube 
to  the  i  nount  of  about  .0006  equivalents.    If  the  tributyrin 
in  every  tube  is  completely  hyfirolysed  thr,  t  rill  release 
about  .0005  equivalents  of  acid.     Thare  is  thus  more  than 
enou^i  bicarbonate  prerent  to  neutralise  completely  the  acid 
liberated  ill  the  hydrolysis  and  still  maintain  a  slightly 
rlknline  pll.    Tlje  optimal  temperature  for  the  reaction  of 
pancreatic  lipase  is  maintained  durirr  the  e:q>eriment.  The 
emulsifying  agent  ascd  was  shavn  net  to  be  inhibitory  to 
lipolytic  action  and  the  Mc-'rhoncte  employed  as  a  buffer  ia 
normally  present  in  the  p^ncrortic  secr-tions (102,103). 
The  only  variable  in  the    H  thod  is  the  concentration  of  en- 
syme  for  all  other  factors  were  kept  constant,  Tributyrin 
has  been  shown  to  be  a  miitahle  substrate  for  lipaue.  The 
evenness  of  emulsifi cation  is  evidenced  by  the  regularity 
v.lth  ??hich  given  dilutions  of  different  lots  of  emulsion 
yield  ed  the  same  color ime trie  reading.    As  already  noted, 
the  inherent  error  in  analysis  with  the  Evolyn  colorimeter 
is  not  ai#i  if  leant  in  comparison  with  other  errors  in  any 
enzymic  analytical  rethod.    ill  specimens  were  iced  irnedi- 
ately  upon  •  •  collection  ?nd  prompt  1;'  analyses,  thereby  reduc- 
ing to  a  minimum  any  digestion  of  the  lipase  by  the  active 
trypsin  present.    The  method  is  simple  and  requires  little 
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apparatus,    Tt  i3  doubtless  clinically  satisfactory  to  omit 
rsa;Un£3  in  the  colorimeter  and  to  "bane  conclusions  upon  the 
number  of  tunes  snov;ing  complete  digestion  in  eaoh  series. 
Creator  accuracy  than  t'nat  la  not  noosssriry  ginoe  it  has 
alrocdy  been  nr.de  clear  that  only  considerable  variation 
from  tha  normal  ma;/  he  viov/ca  as  dlagaostically  s isnificant • 
With  practice  an  analysis  may  be  done  in  less  than  forty 
minutes. 
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MM  OP  RECORDING  fOBBIM 

It  is  apparent  that  mathematical  conclusions  regarding 
the  enzymic  strength  of  any  3peeira&n  tested  by  my  method  can 
only  be  dravm  from  the   first  tube  in  the  serial  ailutions 
which  does  not  exhibit  couple  te  c, igestion.    .rom  any  tube 
which  exhibits  comple  te  digestion  we  get  the  information 
that  there  was  sufficient  enzyme  present  to  achieve  that 
affect  but  we  learn  nothing  of  the  possible  jxee3S  of  enzyme 
..nich  may  have  bean  pViMll  over  and  above  that  needed  to 
produce  commie  t a  digestion  in  the  two  hour  period  of  the 
experiment.    Jy  taking  tha  fcurbi dime trie  readings  of  the 
first  tube  in  each  series  wnich  showed  incomplete  digestion 
and  interpolating  on  t lie  graph  already  i.entionad  I  have  ob- 
tainea  the  concentration  of  undigested  tribut./rin.    That  per- 
mits calculation  of  the  reaction  velocity  by  substituting  the 
values  so  obtained  in  the  actuation  for  a  first  order  reaction: 

K  »  £.305  .  log  a 

\  a  -  x 

where  K  is  the  velocity  constant;  a  is  the  initial  concentra- 
tion; ana  (a  -  x)  i3  the  con  cov;t  ration  remaining  after  tine 
t  expressed  in  minutes.    To  m^ke  these  velocity  constants 
comparable  thay  are  xll  mforred  to  rtne  ce.  of  duodenal  con- 
tent s  as  a  unit  by  an  arbitrary  assumption  which  speared 
to  be  the  only  satisfactory    ethod  of  dealing  v/ith  a  discon- 
tinuous curve.     It  was  assumed  that  the  final  concentration 
of  tributyrin  in  every  tulio  showing  •complete'  digestion  was 
10$.  On  that  assumption  the  corresponding  velocfcy  oonatant 
was  caloute  ted  and  found  to  bo  0.01919.    In  every  cal  culati on 
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then,  this  valise  rcas  multiplied  "by  the  reciprocal  of  the. 
dilution  of  the  specimen  in  the  last  tiibe  of  the  series 
sho\ti.ng  complete  digestion  and  to  that  fi^irn  WBM  added  the 
actually  calculated  \rolocity  constant  obtained  in  the  man- 
ner noted  shove.    ?he  resulting  figures  give  us  a  valid  "basis 
for  comparing  the  enavme  effect  of  d  tfferent  specimens  of 
duodenal  contents.    They  do  not  give  us,  and  are  not  intend- 
ed to  give  us  any  basis  for  comparing*  the  relative  enzymic 
concentrations  of  different  specimens.     In  any  cage,  that 
latter  point  can  "he  e  matter  only  of  ricademic  interest  since 
we  hive  no  methods  of  determining  anr.ynic  concentrations. 
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REPORT  or  RSSXttttS 

The  rosu. It 3  of  the  present  investigation  ore  given  in 
Table  II.    The  results  of  fifty  intubations  are  roper  tea  find 
of  that  fifty,  seven  represent  repeated  intubations  on  the 
same  subject.    ?cr  comparative  purposes  those  results  are 
separately  given  in  table  III.    The  analytical  results  are 
given  for  a  total  of  fifty  fatting  specimens  .  ud  for  a  total 
of  64  specinens  obtained  at  various  intervals  after  stimula- 
tion of  the  duodenum  with  0.1  N  HOI.    The  healthy  normal  sub- 
jects included  fourteen  young  womefa,  mostly  nurses  and  nine- 
teen young  men,  all  medical  students.     The  remaining  ten  sub- 
jects were  all  patients  from  the  Oastro- Intestinal  Clinic 
of  the  Mass.  Memorial  Hospital.    These  cases  are  included 
because  in  none  oi  them  was  pancreatic  disease  suspected  and 
they  all  revealed  lipolytic  values  lying  within  the  normal 
range. 

^ith  five  of  the  subjects  specimens  wore  taken  at  5, 
10  find  20  minute  intervals  aft  r  the  stimulation  with  dilute 
hydrochloric  acid.    In  each  of  those  five  oases  all  three 
specimens  reverie d  complete  digest!  m  in  the  same  number  of 
tubes.     In  ten  othor  cases  two  specimens  wtXl  taken  ^ftor 
stimulation    t  10  and  20  minute  intervals  (usually).  In 
six  of  thoae  10  the  tv/o  qpcimons  gave  complete  digestion  in 
the  same  nut*  or  of  tuboo  vol  la  intho  othor  four  they  differed 
by  only  one  tube  in  the  number  in  which  they  gave  complote 
digestion.     I  therefore  conclude-  that  for  clinical  purposes 
the  information  obtained  by  testing  more  than  one  specimen 
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after  stimulation  did  not  vrarrnnt  the  trouble  involve^ 
This  conclusi on  hut  confirms  the  views  of  rmny  other  worfcora, 
point  which  has  already  been  discussed . 

In  regard  to  the  t  cour^cy  and  neii3itivity  of  this 
method  tv;o  points  are  of  interest,,     In  the  entire  aerie 3  of 
114  analysis  tliera  wore  9  oases  in  ivhioh  the   ^uplicato  doter- 
minations  did  not  show  complete  c,  igesticn  t.arou  ;h  the  3ame 
number  of  tubed*     In  seven  oi  these  one  r  e termination  showed 
comploto  ^l(H«tioa  through  the  nth  tube  v/hilo  it3  duplicate 
do-Gen.in;  ti  >n  showed  well  ovor  30^  digestion  in  the  nth  tube 
"but  it  was  nut   .u i te  c  omolote*     leoause  of  this  relatively 
slight  differ  noo  those  case3  are  reported  in  the  table  03 
revealing  complete  J5.£estion  through  the  nth  tube,  ^he 
other  tv;o  oases  in  the  nine  are  also  so  reporte    although  in 
those  instances  one  d  e termination  raveale,;  somewhat  less  than 
30',!-  digestion  but  nail  over  60^.    2he  specimens  in  those  two 
cases  were  exceptionally  viscous  and  the  relatively  poor 
agreement  in  their  analysis  is  undoubtedly  due  to  the  impos- 
sibility of  accurately  pipetting  such  viscous  snmoles.  In 
the  remaining  105  analyses  duplicate  determinations  showed 
complete  digestion  through  the  3ame  number  of  tubes*     In  in- 
terpreting from  the  col  crime  trie  readings  the  degree  of 
accuracy  in  the  civ  Plicate  determinations  in  the  f  irst  tube 
in  each  series  showing  incomplete  digestion  one  must  keep 
in  mind  the  nature  of  the  euEtfo  obtained  on  plotting  the  per- 
centage of  und Rested  suh3trate  against  the  colorine trie 
readings.    The  slope  isoxtremoly  steep  from  100^  to  80;'  sub- 
strate.    It  is  much  less  steep  from  40$  to  SO^  and  from  20- 1 
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to  0^  Is  very  moderate.    Th'is  in  tho  last  portion  of  the  curve 
a  difference  while  in  the  first  portion  of  the  curve  a  dif- 
ference of    §  a  un  t  17 -mid  amount  to  a  percentage  difference 
of    10^.    The  greatest  error    (case  37-10)  is  less  than  40$. 
I  consider  this  agreement  satisfactory  especially  in  view  of 
the  inherent  sensitivity  of  the  method  of  serial  dilutions. 

To  aid  in  interpreting  the  significance  of  the  normal 
range  established  in  this  series  for  the  lipolytic  activity 
of    the  duodenal  contents  the  data  wero  subjected  to  statis- 
tical analysis  employing  the  formulae  and  tables  given  in 
Pearl.    For  this  purpose  I  could  use  for  each  specimen  only 
the  number  of  the  last  tube  revealing  complete  digestion. 
To  subject  tho  calculated  velocity  constants  to  a  similar 
analysis  would  involve  special  statistical  methods  and  would 
hardly  yield  any  more  significant  information  clinically 
(Prof.  .Tilliam  Brooks — orivate  communication).  Calculations 
for  the  fasting  specimens  are  not  included  because  the  occtir- 
renoe  of  three  such  specimens  revealing  no  action  made  their 
dispersion  so  great  that  on  statistical  analysis  they  yielded 
results  whose  interpretation    c  uld  have  no  clinical  signi- 
ficance.   The  difference  between  the  means  of  the  fasting  and 
stimulated  specimens  in  each  group  is  not  great,  but  the  dif- 
ference in  degree  of    dispersion  was  considerable*  The 
responses  after  stimulation  were  m  -re  consistent  and  fell  in 
a  narrower  range  so,  I  feel  the  statistical  analysis  of  those 
data  yields  information    of  definite  clinical  significance. 
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In  the  latter  groin  the  Units  wero  from  2  to  5  tubes.  In 
the  fasting  speoinens  the  Units  ware  from  0  to  5  tubas. 

TABLI3  IV 


No . of  Group 
oases 


Fast.    Mean    S.D.  r*% 

or 
Stim. 


Chance  of  finding 
nornal  ease  beyond 
the  noted  limits 
of  variation. 
(a)"bslow     (b) above 
No.  in  10,000 


50 

Entire 

3.16 

64 

Series 

S 

3.34 

.82 

.07  22 

6 

40 

Healthy 

P 

3.30 

53 

studs. 

s 

3.80 

.72 

.07  1 

11 

only 

24 

Male 

r 

3.04 

35 

studs* 

s 

3.86 

•  61 

.07 

16 

Female 

I 

3.69 

18 

studs. 

s 

3.67 

.88 

.14 

10 

Patients 

F 

2.6 

Too 

few  eases  to  yield 

signi- 

s 

2.4 

f leant  results. 

^Calculated  on  the  basis  of  cases  revealing  complete 
digestion  only  through  the  first  or  through  the 
sixth  tubes  respectively,    i'ne  chanoe  of  finding 
normal  cases  revealing  no  digestion  or  digestion 
through  the  seventh  tube  would  be  infinites!: tally 
snail. 

It  is  apparent  from  the  above  table  that  any  speclrcen 
of  duodenal  contents  which  reveals  conolete  digest ios  only 
through  the  first  tube  when  analyzed  b y  my  method  is  almost 
certainly  abnormal.     If  it  reveals  no  digestion  we  may  safely 
say  it  is  certainly  abnormal.    My  method  of  analysis  has  the 
advantage,  then,  of  establishing  sharply  a  lower  normal  limit 
of  lipolytic  activity.    Other  methods  have  lacked  this  degree 
of  sensitivity  and  have  lead  previous  workers  to  the  conclu- 
sion, as  already  discussed,  that  only  an  absence,  or  alcost 
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complete  absence,  at  lipolytic  activity  could  bo  considered 
significant.     With  my  method  a  specimen  may  reveal  defi- 
nite lipolytic  action  and  yet  we  nay  say  with  a  high  degree 
of  certainty  that  it  is  so  little  as  to  be  abnormal. 

The  differences  between  the  rials  and  female  students 
were  considered  but  they  were  found  to  be  too  small  to  have 
significance  in  the  light  of  the  limited  number  of  cases. 
Such  small  differences,  according  to  Pearl  {156}  cmld  be 
viewed  as  significant  only  with  a  minimal  number  of  approxi- 
mately three  hundred  oases* 

Ho  conclusions  can  be  drawn  from  the  ten  hospital  pa- 
tients examined  because  the  number  ofcases  is  too  few.    It  is 
teresting  that  the  results  in  these  cases,  while  all  normal, 
fell  in  the  lower  range  of  normal.    With  a  large  series  of 
cases  a  correlation  with  age  might  be  possible  for  as  a  group 
they  were  much  older  than  the  medical  students  and  nurses. 

The  relatively  small  differences  between  the  means  of 
fasting  s pec imens  and  specimens  obtained  after  stimulation 
are  probably  to  be  explained  by  the  stimulating  effect  of 
the  tube  itself,  a  point  I  have  previously  discussed. 

The  results  obtained  by  my  method  are  not  strictly  com- 
parable to  those  obtained  by  atltrimetric  method  but  by  in- 
terpolation figures  can  be  obtain^  for  comparison  with  those 
in  table  II.    Approximately  0.0005  eo?iivalents  of  tributyrin, 
considered  a a id ime trie ally  are  added  to  each  tube  in  my  de- 
termination.    If  that  tjere  conpletely  hydrolyzed  the  libera- 
ted butyric  acid  would  require  five  cc.  of  0.1  g  NaOH  for  neu- 
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Table  III  a. 

Subject 

Case  No.  in 

Intubation 

Last  tube 

Table  III 

No. 

complete  < 

1 

1-f 

1 

5 

1-15 

1 

4 

22-f 

2 

mm 

3 

22-15 

2 

2 

2 

12-f 

2 

4 

12-15 

2 

3 

27-f 

1 

2 

1 

not  d 

3 

18 -f 

1 

4 

18-15 

1 

4 

42-f 

2 

not  d 

42-5 

2 

3 

42-10 

2 

3 

42-20 

2 

3 

4 

21-f 

1 

2 

21-15 

1 

4 

26-f 

2 

5 

26-15 

2 

4 

5 

23-f 

1 

4 

23-15 

1 

4 

50-f 

| 

5 

50-10 

2 

5 

50-20 

2 

5 

t 

24-f 

1 

5 

24-15 

1 

4 

34-f 

2 

4 

34-10 

2 

5 

34-20 

2 

4 

• 

25-f 

1 

4 

25-30 

1 

4 

40-f 

2 

4 

40-15 

2 

4 

40-25 

2 

4 

- 
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tralization.    If  we  multiply  that  figure    by  the  the  reci- 
procal of  the  dilution  of  the  specimen  in  the  last  tube  show- 
ing complete  digestion  we  obtain  a  figure  which  may  be  com- 
pared with  those  in  table  II.    On  that  basis  a  specimen  which 
gave  complete  digestion  only  through  the  first  tube  and  par- 
tial in  the  second  would  require  at  least  five  cc.  of  0.1  N 
NaOH  to  neutralize  the  butyric  acid  which  one  oc.  of  the 
specimen  would  liberate  from  tributyrin  as  a  substrate.  2he 
corresponding  figures  for  complete  digestion  through  tubes 
2,  3,  4.  and  5  respectively  would  be  10  cc,  20  ce. ,  40  cc.  , 
and  80  cc.  of  0.1  N  NaOH.    In  each  case,  of  course,  the  true 
interpolated  value  would  lie  between  the  one  designated  and 
the  next  higher  since  all  specimens  gave  partial  digestion 
in  the  tube  following  the  last  one  in  which  it  had  given 
complete  digestion.    The  results  so  obtained  are  at  least 
of  the  same  order  of  magnitude  as  ^hose  given  in  table  II. 

It  is  apparent  from  table  III  that  there  is  a  tendency 
for  specimens  obtained  from  the  sane  individual  at  differ- 
ent times  to  reveal  comparable  enzymic  activity,    A  similar 
tendency  has  been  noted  by  2gren,  Lagerlof  and  Berglund  (2), 
Chiray,  Saljaon  and  Jeandel  (33).    Others,  on  the  other  hand, 
have  reported  considerable  fluctuation  in  repeated  tests 
on  the  same  individual:    tinhorn  (66),  Einhorn  and  Rosen- 
bloom  (63),  Goldstein  (85),  Chace  and  Myers  (28),  Crohn  (43), 
find  Comfort,  Parker  and  Osterberg  (38).    Hoc/ever,  the  marked 
variation  in  the  methods  employed  aid  their  degree  of  accu- 
racy and  sensitivity  make  it  difficult  to  drav?  s<jiy  final  can- 
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elusions*  The  question  must  be  regarded  as  unsettled  until 
further  work  has  been  done. 


V 
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TABLE  III. 

Case      Last     Evelyn  tubes    Aver.  %  sub-  Kavel.  const. Final  K 

No.-    tube      in  duplicate  strate  oalc.  from. 

Fast,    that     for  first  in-         wndigest.  1st  tube 

or  min. shows    completely  incompl.  di- 

after    oompl.  digested  gested. 
3tim.    digest,  tube. 


1-f 

1-16 

5 

4 

* 

70 

66 

•00344 

.15696 

2-f 
2-15 

3 
3 

16s 
41° 

321 
462 

242 
433 

19 
14 

.01384 
.01640 

.09060 
.09316 

3-f 

3-15 

3 

** 

33^ 

it* 
33° 

32s 

17 

.01476 

.09152 

4-f 
4-16 

4 
4 

51 

9° 

83 

1  R 

8^.5 

93 
49 

.00056 
.00595 

♦15408 
.15947 

5-f 

5-15 

4 

4 

63 

70 

62 

62.5 
7° 

72 
06 

.00275 
.00344 

.15627 
.16696 

6-f 
6-15 

3 
4 

13° 
22s 

27s 

25*  5 

25 
19 

.01156 
.01384 

.08832 
.16736 

7-f 

7-15 

3 
4 

10° 

^7° 

10J 

941 

702*6 

43 
7 

.00703 

.02218 

.08379 
.17570 

8-f 
8-15 

4 
3 

342 
22° 

■ 

82f 
14s 

0  ft 

48  c*9 
181*5 

13 
23 

.01699 
.01227 

.17051 
.08903 

9-f 

9-15 

3 

3 

19^ 

762 

243 

47s 

c 

22  c 

62*5 

20 
10 

.01342 

.01920 

.09018 
.09596 

10-f 
10-15 

4 
5 

13? 
52 

g3.5 
S1^ 

45 
93 

.00664 
.00056 

.16016 
.31261 

11-f 

11-16 

5 

5 

■ 

n1 

121 

»3 

li3 

58 

38 

.00453 
.00806 

.31157 
.31510 

12 -f 
12-15 

4 
3 

711 
9° 

45| 
62 

583 
73 

11 
58 

.01841 
.00453 

.17193 
.08129 

13-f 

13-15 

3 
4 

11° 
121 

11* 
ll1 

ll*5 
ll3 

40 

38 

.00764 
.00806 

.08440 
.16158 

14-f 
14-15 

4 
3 

152 
5° 

962 
61 

56°  „ 
52.5 

11 
88 

.01841 
.00109 

.17193 
.07785 

15-f 
15-15 

4 

4 

223 

393 

20? 
131 

212*5 
262 

20 
19 

.01342 
.01384 

.16694 
.16736 

16-f 
16-15 

4 
5 

323 
** 

772 

55- 5 

12 

.01766 

.17118 
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TABUI  III  (cont.) 


17-f 
IV  -15 

4 
4 

22* 

81 45 

18i 

49s 

202  „ 
65^*° 

21 
9 

.01302 
.02006 

.16054 
.17358 

18-f 

18-15 

4 
4 

9! 

8^ 

10° 
0  • 

44 
51 

.00684 
.00561 

.16036 
.15913 

19-f 
19-15 

3 
4 

542 

430 
10^ 

48s 
10° 

13 
44 

.01699 
.00684 

.09375 
.16036 

20-f 

20-15 

3 

4 

30? 

30° 

6" 

301*5 
6»° 

18 

77 

.01428 

.00219 

.09104 
.15571 

21-f 
21-15 

2 
4 

6 

6^.5 

6^ 

72 
73 

.00275 
♦00263 

.04113 
.15615 

22-f 

22-15 

3 

2 

8l2 

66? 

5X 

74*5 

7 

wry 

73 

.02218 

.00263 

.09894 
.04101 

23-f 
23-15 

4 
4 

10* 

10° 
12" 

93.5 

11*  ^ 

44 
40 

.00684 
.00764 

.16036 
•1611b 

24 -f 

24-15 

5 

4 

122 

15u 

132 

15«7 

15i.» 

35 

2u 

.00876 

.01062 

.31580 

.164=14 

25 -f 
25-30 

4 
4 

472 
423 

•§s 

432 

730 
43*  0 

7 
14 

.02218 
.01640 

.17570 
.16992 

26-f 

26-15 

5 

4 

6? 

6~ 

IP 

53.5 

83 

7i> 

.00152 

.00238 

.30856 
.lo590 

27-f 
27-15 

2 

** 

401 

38° 

39* 5 

16 

.01526 

.05364 

28 -f 

28-15 

1 

3 

12* 

10s 

112 

112 

40 

39 

.00764 

.00756 

.02683 
.08450 

29-f 
29-10- 

29-20 

0 
3 

3 

41^ 

35} 

401 

311'5 

41° 

17 

15 

.01476 
.01582 

.09152 
.09258 

30 -f 
30-15 

3 
I 

67? 
BO1 

111 

7h1.  5 

6 
22 

.02348 
.01261 

.10024 
.08937 

31-f 

31-15 

3 

3 

10? 

25A 

12° 

231 

Xll.5 

£71 

39 
19 

.00783 

.01384 

.08459 

.09060 

32-f 
32-15 

3 
2 

31? 
241 

523 
193 

4J.3.5 
22° 

15 
20 

.01582 
.01342 

.09258 
.05180 

33-f 

33-15 

1 

i 

71 

6° 
7o 

6^.5 
7»5 

72 
65 

.00275 
.00361 

.02194 
.15713 

34 -f 

34-10 

34-20 

4 
5 
4 

25° 
** 

80s 

94° 
953 

59s 
881 

10 
3 

.01920 
.02922 

.17272 
.18274 
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35 -f 

0 

35-10 

3 

35-20 

3 

36-f 

4 

36-15 

*** 

37-f 

3 

37-10 

2 

37-20 

s 

38-f 

4 

30-10 

38-20 

3 

39-f 

2 

r-5Q-l  ft 

«J  17  XW 

39-20 

P 

40-f 

4 

40-1*5 

•£  V/— JL«J 

4 

40-25 

^s.v/  ****** 

4 

41-f 

4 

41-15 

4 

4"  -25 

4 

42-f 

0 

*~  fir— v 

3 

42-10 

3 

2-20 

*x 

KJ 

43-f 

3 

43-10 

4 

44 -f 

4 

44-5 

4 

*-4  -10 

4 

Tx 

44-20 

4 

45-f 

| 

45-10 

Q 

45-20 

p 

46wf 

© 

n 

4G-5 

p 

46-10 

2 

46-20 

2 

47-f 

2 

47-5 

47-10 

2 

47-20 

2 

3*C 

323 


17° 


17? 

47j 
81 

10J 

rjJL 

231 
103 
141 
56° 
202 

41? 

101 
171 


6- 
32° 

P 

61* 

35° 


9* 

?2 

82 

11° 
101 

S5 

7° 

8° 
7° 
9° 


5l 


5g 
8° 


52T 
941 

15* 
201 

& 

123 

iof 

122 
12l 

37* 

103 
322 

533 
103 
133 


30* 

39° 


16° 

u3 

8<> 

62 

83 

12g 

34" 


12° 
6" 
7° 


55 


4E2 
632 

16»5 


18 


2.5 


28* 
7l.5 

ll3 

yl.5 

18° 

103 
IS1 
131 

462*5 
<}3.5 

262 

471.5 

log 
15?< 


23*  5 

63.5 
33f 

82.5 
82.5 

I* 

82.5 

93 

ll3-5 

242 

7* 

log 
6?' 
8° 

5I.5 
5^ 

52.5 
J* 


15 

.01582 

.09258 

10 

.01920 

.09596 

P7 

oi  oqi 

p*3 

oi  pp? 

. Uo?UO 

1  ft 

m  <ipft 

62 

.00397 

.08073 

nnftnfi 

. vUOUO 

1  Al  f^ft 

ft? 

1  f57Z.Q 

24 

.01188 

.06864 

-On74r3 

»  \J\J  1  A  %J 

34 

.00899 

.04737 

u 

.01640 

.16992 

44 

•  \J\J\J 

1  60  ^fi 

1  9 

-01384 

-167':56 

13 

.01701 

.17053 

4P 

007P4 

1  6076 

Pfi 

-Ol 06? 

-1  6414 

77 

1  7 
x  • 

01476 

OQ1  RP 

1  Q 

X 

68 

.00321 

.07997 

17 
x  1 

1  Q 

X  *» 

51 

.00561 

.15913 

Al 

*JX 

.  v/vyy  v>x 

1  AQl  ^ 
.  X«J  7X<9 

An 

«  UU'i  <so 
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*By  the  end  of  two  hours  those  specimens  showed  complete  di- 
gestion through  the  fifth  tube  but  a  sixth  could  not  be  done 
because  too  little  of  the  specimen  remained.    ^xr>erienee  hp  a 
indicated  that  digestion  in  the  sixth  would  have  been  partial 
because  of  the  slow  rate  of  digestion  in  the  fifth. 
**Speoiinen  not  obtained  because  subject  could  not  keep  tube 
down. 

***Speeimen  acid  and  could  not  be  usee  . 

2he  author  gratefully  acknowledges  the  assignee  of  the  n*iny 
numbers  of  the  class  of  1944  at  Boston  University  Medical 
School  and  of  the  nurses  at  Massachusetts  Memorial  Hospital 
who  willingly  gave  their  time  in  acting  as  subjects  for  the 
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A  clinically  satisfactory  method  of  lipolytic  analysis  for  the  duodenal 
contents  must  fulfill  eight  criteria:  (1)  and  (2)  the  optimal  pH  and  optimal 
temperature  must  be  maintained  during  the  course  of  the  reaction;  (3)  in- 
hibiting agents  must  be  avoided  and  necessary  activators  or  co-enzymes  must 
be  added;  (4)  operative  variables  in  the  system  must  be  held  to  a  minimum 
by  the  use  of  a  fixed  concentration  of  a  suitable  and  evenly  emulsified  substrate; 

(5)  the  method  of  measuring  the  final  extent  of  digestion  must  be  accurate; 

(6)  the  enzyme  must  be  protected  from  destructive  influences  in  the  interim 
between  its  procurement  and  its  analysis;  (7)  the  method  must  be  simple, 
should  preferably  use  ordinary  laboratory  apparatus  and  must  consume  as 
little  time  as  possible;  (8)  the  method  must  be  designed  to  give  as  true  a 
picture  as  possible  of  what  might  be  expected  to  occur  in  vivo. 

The  following  method  is  presented  as  more  satisfactorily  fulfilling  these 
criteria  than  previously  published  methods ;  as  substrate  serves  a  1  %  tributyrin 
emulsion  rendered  permanent  by  the  addition  of  one  gram  of  Alkanol  B  per 
one  hundred  cc.  That  is  a  DuPont  product  which  they  kindly  stated  is 
alkyl-naphthalene  sodium  sulfonate.  This  emulsion  is  stable  after  putting  it 
twice  through  a  hand  homogenizer  and  will  keep  at  least  one  month  if  kept 
in  the  ice  box.  The  only  other  reagents  required  are  three  dilutions  of  sodium 
bicarbonate:  1.00%,  1.11%,  and  1.25%.  The  method  is  one  of  serial  dilution 
and  all  analyses  are  done  in  duplicate.  Ten  tubes  are  set  up  in  pairs  to 
contain  the  following  reagents:  tube  (1)  receives  4  cc.  of  1.25%  NaHC03; 
tube  (2)  9  cc.  of  1.11%  NaHC03;  tubes  (3),  (4),  and  (5)  5  cc.  of  1.00% 
NaHC03.  To  tube  (1)  is  added  1  cc.  of  the  duodenal  specimen  to  be  ana- 
lyzed and  the  same  to  tube  (2 ) .  After  thorough  mixing  5  cc.  of  the  contents 
of  tube  (2)  are  added  to  tube  (3).  In  like  manner  5  cc.  of  the  contents  of 
tube  (3)  are  added  to  tube  (4)  etc.  Five  cc.  are  taken  from  the  last  tube  of 
the  series  and  discarded.  In  working  with  the  duodenal  contents  a  sixth  tube 
is  occasionally  necessary  and  with  experience  one  may  predict  that  by  noting 
the  speed  of  digestion  in  the  first  tubes  of  the  series  immediately  after  the 
addition  of  the  substrate.  As  soon  as  the  various  enzymic  dilutions  have  been 
made,  five  cc.  of  the  substrate  are  rapidly  added  to  each  tube.  The  tubes  are 
then  all  well-stoppered,  shaken  and  incubated  in  a  water  bath  for  two  hours. 
The  time  interval  begins  the  moment  the  substrate  is  added  to  the  first  tube 
and  ends  the  moment  the  first  tube  is  read  in  the  colorimeter.  The  tubes 
should  be  read  in  the  same  order  in  which  they  are  filled  for  within  narrow 
limits  it  takes  as  long  to  fill  them  as  it  takes  to  read  them  in  the  colorimeter 
and  in  that  way  slight  differences  in  the  time  of  digestion  for  each  tube  are 
held  to  a  minimum.  Filter  #565  is  used  for  the  colorimetric  readings.  Ninety- 
five  per  cent,  of  the  light  which  it  transmits  lies  in  the  range  between  550  and 
580  millimicra. 

For  comparative  purposes  single  figures  expressing  the  relative  enzymic 
effects  of  each  specimen  were  obtained  in  the  following  manner:  it  was  assumed 
that  each  tube  exhibiting  complete  digestion,  as  shown  by  the  reading  in  the 
colorimeter  and  the  grossly  apparent  clarification  of  the  tube's  contents,  had 
present  1  %  of  undigested  substrate.  By  using  the  equation  for  calculating  the 
velocity  constant  of  a  first  order  reaction  and  expressing  the  time  in  minutes, 
a  value  for  the  constant  of  0.03838  was  obtained.  This  figure  was  multiplied 
by  the  reciprocal  of  the  dilution  of  the  specimen  in  the  last  tube  of  the  series 
showing  complete  digestion  and  to  that  product  was  added  the  constant 


calculated  from  the  Evelyn  readings  of  the  first  tube  in  the  series  to  show 
incomplete  digestion.  For  clinical  purposes  it  suffices  to  note  the  number  of 
tubes  in  the  series  revealing  complete  digestion. 

The  percentage  of  digestion  of  the  substrate  indicated  by  the  colorimetric 
readings  is  determined  by  interpolation  on  a  graph  which  represents  the  curve 
obtained  by  plotting  the  per  cent,  of  undigested  substrate  against  the  colori- 
metric readings  of  standard  dilutions  of  the  substrate.  For  that  purpose  five 
tubes  are  prepared  containing  respectively  5,  4,  3,  2,  and  1  cc.  of  the  substrate 
diluted  to  a  total  volume,  in  each  case,  of  10  cc.  with  1%  NaHC03.  In  this 
case,  as  in  all  determinations,  10  cc.  of  1%  NaHC03  serves  as  a  blank.  The 
readings  so  obtained  for  different  lots  of  emulsion  do  not  vary  by  more  than 
one  quarter  of  a  unit  from  the  respective  values:  5°,  6°,  72,  11°  and  21°  where 
the  superscripts  as  usual  indicate  quarter  units. 

The  method  just  described  was  employed  in  the  analysis  of  specimens 
obtained  from  fifty  intubations.  The  subjects  comprised  ten  hospital  patients, 
twelve  healthy  nurses  and  twentyone  healthy  medical  students,  of  which 
latter  group  two  were  women.  The  activity  in  fasting  specimens  was  found 
to  range  from  zero  to  complete  digestion  through  the  fifth  tube  and  partial 
digestion  in  the  sixth.  The  specimens  obtained  at  varying  intervals,  but 
usually  fifteen  minutes,  after  stimulation  of  the  duodenal  mucosa  with  twenty 
cc.  of  0.1  N  HCl  displayed  activity  varying  from  complete  digestion  through 
the  second  tube  with  partial  digestion  in  the  third  to  complete  digestion 
through  the  fifth  with  partial  digestion  in  the  sixth.  The  latter  group  showed 
a  sufficiently  narrow  range  of  dispersion  to  permit  statistical  analysis  on  the 
basis  of  the  number  of  tubes  showing  complete  digestion.  The  64  specimens 
analyzed  after  stimulation  gave  a  mean  of  3.34  tubes  with  a  standard  deviation 
of  0.82  and  a  probable  error  of  the  mean  of  0.07.  The  chance  of  finding 
normal  cases  showing  complete  digestion  only  through  the  first  tube  was 
found  to  be  22  in  10,000.  The  analogous  figure  for  complete  digestion  through 
the  sixth  tube  was  6  in  10,000.  The  same  figures  for  the  group  exclusive  of 
the  ten  hospital  patients  (all  of  whom,  however,  gave  results  falling  within 
normal  limits  but  tending  to  fall  in  the  lower  range  of  normal)  were:  mean, 
3.80;  standard  deviation,  0.72;  and  probable  error  of  the  mean,  0.07.  On  the 
basis  of  this  limited  group  the  chance  of  finding  a  normal  case  with  complete 
digestion  only  through  the  first  tube  was  found  to  be  one  in  10,000  and  the 
chance  of  finding  a  normal  case  revealing  complete  digestion  through  the  sixth 
tube  was  found  to  be  eleven  in  10,000. 

In  fifteen  cases  at  least  two  specimens  obtained  after  stimulation  were 
analyzed  and  in  five  of  those,  three  specimens  were  analyzed.  They  usually 
showed  complete  digestion  through  the  same  number  of  tubes  but  in  a  few 
of  the  cases  differed  by  one  tube  in  that  respect.  It  was  concluded,  therefore, 
that  for  clinical  purposes  the  analysis  of  more  than  one  specimen  obtained 
after  stimulation  was  not  necessary. 

Seven  subjects  were  twice  intubated.  Of  those  seven,  three  gave  speci- 
mens after  stimulation  of  the  same  strength  on  the  two  different  occasions. 
Of  the  remaining  four  two  gave  results  differing  by  only  one  tube;  one  differed 
by  two  tubes  on  the  two  occasions;  the  results  in  the  seventh  case  cannot  be 
compared  as  a  neutral  or  faintly  alkaline  specimen  after  stimulation  was  not 
obtained  after  one  of  the  two  intubations.  With  the  subject  whose  specimens 


differed  by  two  tubes  the  first  intubation,  which  gave  the  lowest  value,  took 
an  exceptionally  long  time.  The  results  indicate  a  tendency  for  specimens 
obtained  from  the  same  individual  on  different  occasions  to  be  closely  parallel 
in  enzymic  activity. 

Reports  in  the  literature  indicate  that  such  a  test  may  have  its  greatest 
diagnostic  value  in  cases  of  pancreatitis,  steatorrhea,  pancreatic  and  vicinal 
malignancies,  pancreatic  calculi  and  cysts  and  occasionally  in  biliary  and 
hepatic  diseases  in  which  a  secondary  pancreatitis  may  be  caused  by  the  primary 
condition.  The  test  may  have  prognostic  value  in  following  the  course  of  a 
chronic  pancreatitis. 
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